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Introduction

* What does it take to design predictable PCB/packaging interconnects operating
at 6-112 Gbps? — design interconnects that behave as expected?

 Can we use design processes and practices adopted at lower data rates? - use
approach that worked at 1-3 Gbps to 10-30 Gpbs for instance?

* Can we achieve the first pass design success and what does it take to do it?

 What signal degradation factors have to be accurately predicted and at which
data rate they become important?

e This presentation is just introduction into design of predictable interconnects
for increasingly growing data rates...
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Data rates in consumer/communication electronics

are rapidly increasing!

More data through Ethernet, USB, SAS, InfiniBand, CEl...

Validated EM models required
Ethernet IEEE 802.3ck group works on 112 Gbps over PCB&cable

starting from 3-5 Gbps!
Data rate per single link (Package/PCB)

Performance

35 = [Gbps/pin]
. PCle 5.0-32 Gbps 7
) / 12 | " GDDR6 over 14Gbps
/
20 PCle 4.0 — 16 Gbps /// /O GDDRS5 - over 10Gbps
PCle 3.0 - 8 Gbps L & | ... LPDDR5-over 6 Gbps
1 / .
PCle2/0-5Gbps _— LEAX s T

5 4--"""'"_’#” L iy JORRRRPPPITLL

. PCle 1.0 - 2.5 Gbps | e

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 DDR4

PCle data rate double almost every 3 years 2016 2018
Around 1 billion devices will run on PCle5 in 2-3 years [source : B. Koo, DesignCon 2019,
(M. Mazumder, Intel Corp. — DesignCon 2019) HOT Chips, SAMSUNG]
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PCB and package scale in bits or symbols from 6 to 112

N =/

~2 symbols in packaging

interconnects 5 ~10 bits in PCB interconnects

>
o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

112 Gbps PAM4

| |
>
~20 symbols in packaging ~100 symbols in PCB interconnects

interconnects

Time-domain signals are simulated in frequency domain...
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6 Gbps NRZ signal spectrum

f_nyquist Microwave bandwidth
1

6 Gbps: Trise=50ps; > frq, Hz
Tbit=166'6667 ps; SE+09 IE410] 1.56+10 2E+10| 2.5B+10 3E{10 3.5B+10 4E410
f_nyquist = 3 GHz 1/Tbit = 6 GHz

S \r
PSD of |

PRBS7 “M

1/Trise

1

-80

0z | | | [
\ il ‘
oo | Al |4_‘ ||l b
|

What is bandwidth?
0.5/Trise? 1/Trise?

ed with Simbeor S

Comput
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Getting through interconnects at 6 Gbps

FR408 — Wideband Debye: Dk=3.8, 1e410 2410 st{10 0 frg, Hz

LT=0.0117 @ 1 GHz StimUIUS PSD
Copper: RR=1.2, Causal Hammerstad -20 ,

Roughness Model: SR=0.4, RF=2

Distorted response

&:Project(1]. seam30cm. Simulation(1];

Respons
A:Project[1] segmS0cm. Simulation(1]; / 05
Magnitude(5]. [dB] -ap / i
0
570¢ g H H
|S21]| of 50 cm strip line
q03< 025
0 R
G 60 |
1834 ¢
20 = v
80 |
a0
025
“ | li |
= N
\o\ RER H H : H H H H H
50 0 025 05 075 1 15 15 17 2
\\ 04 0ct 2019, 11,1253, Simberian Inc Urilnterval, []
k ANV[21)
5 10 15 20 S a0 kS -120
04 Dct 2019, 12:45:48, Simberian Inc. Frequency, [GHz]
—k A5[21];

High-frequency harmonics are reduced — it reduces the bandwidth...
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112 Gbps PAM4 signal spectrum

112 Gbps: Trise=4ps;
Tsymb=17.8571ps;
f nyquist = 28 GHz

V]

03
Time, [ns]

— V21l

]

PSD of
PRBS7

What is the bandwidth?
0.5/Trise looks unrealistic...
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f _nyquist

mm-wave bandw

idth

frq, Hz

1T
IF4
|

Jl

WM bl

>

symb =56 GHz

1/Trise

=250 GH

RN |
)
mml..

Computed with Simbeor DK ]l ‘ |I||
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Getting through interconnects at 112 Gbps

Meg7 — Wideband Debye: Dk=3.17,
LT=0.0011 @ 1 GHz

Copper: RR=1.4, Roughness — Huray-
Bracken Model: SR=0.14 um, RF=8.7

AMea?_L10_GMS_Revd Tline_25em LMS:
Magnitude(3), [dB]

U ., 1521] of 25 cm strip line

125

45 ¢
i 4

NN
-
<

25
75
-B7 5
o 100 200 300 400 500
04 Oct 2019, 11:51:30, Simberian Ine. Frequency. [GHz]
— A5

-20

-40

-60

-80

-120

Stimulus PSD
V4
Response PSD
/

frg, Hz

Additional signal
conditioning is required!

A:Meg?_L10_GMS_Piev Tiine_25om LNS:

o 0.25 s 07s 1 128 15 175 2
04 Oct 2019, 12:04:53, Simberian Inc. Unitinterval, []

A2

High-frequency harmonics are reduced — it reduces bandwidth and may kill the signal..
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PCB and package scale in wavelengths

Package (~10 WL @28 G}Hz, ~40 WL @112 GHz) PCB (~50*WL @ 28 GHz, ~200*WL @ 112 GHz) N

o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||\
3 GHz  Frequency WL Air

WL is wavelength in

[GHz] [mm] WL [mm] WL/2 [mm] WL/4 [mm]WL/8 [mm] . )
6 GHz (2.5cm) 3 99.931  49.965 24.983  12.491 6246 dielectric
L 14 GHz (10.7mm) 6 49.965 24983  12.491 6.246 3.123 B 7 \/;r
Dk=4 14  21.414 10.707 5.353 2.677 1.338 o
— 28 GHz (5.35mm) 28 10.707 5.353 2.677 1.338 0.669  Design Limits:
56 5.353 2.677 1.338 0.669 0.335 WL/2 - cutoff for SIW formed

- 56 GHz (2.67mm) 84  3.569 1.784 0.892 0.446 0.223 by via fences, resonances;
- 84 GHz (1.78mm) 112 2.677 1.338 0.669 0.335 0.167 WL/4 - resonances, via

1 mm = 39.37008 mil localization (pass/fail);
- 112 GHz (1.34mm) 1 mil = 0.0254 mm WL/8 — via fence shielding;

We are deep into microwave and mm-wave territory
Waveguide Domain ruled by the Electromagnetic Analysis!
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Bandwidth for simulation or measurement...

e Defined by signal source spectrum (may be measured)

 Reduced by expected channel insertion loss (it includes all
kinds of losses - thermal, reflections, leaks)

 Must be adjusted to account for possible coupling spectrum
(NEXT, multipath propagation,...)

* No universal formula - should be defined on case by case basis
* Possible way is a numerical experiment...

I
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Use of single bit response for
6 Gbps NRZ bandwidth (BW) estimation

Test case: About 50 Ohm strip line — almost no reflections

FR408 — Wideband Debye: Dk=3.8, LT=0.0117 @ 1 GHz Will also depend on the EDA tool!!!
Copper: RR=1.2, Causal Hammerstad Roughness Model: SR=0.4, RF=2

AProject(1) seqmB0em(3) Sirulstion(1]; B:Project(1] saqmBem(E) Simulstion(1); C:Project(1).segmB0zm(12) Simulation1): AProject(1) seqmB0em(3) Sirulstion(1]; B:Project(1] saqmBem(E) Simulstion(1); C:Project(1).segmB0zm(12) Simulation1):
V. V.
RCNA n-dalavy RCM +fr0 nt ‘C ‘ ‘
BT TINCIVE, 11U Cray 038 o
evtraction delay extraction
BT TCACTaCtIoTl 03 7
0.25 0.25
Red - BW=3 GHz, Red - BW=3 GHz,
0z dV=40mV 0z dV=17mV
. Blue — BW=6 GHz, . Blue — BW=6 GHz,
dV=7 m dv=4 mV
v —Green = BW=12GHg, n1—Green = BW=12GHz,
0.05 dV: 0.05 dv: \
dasaa s nlo &\sa;n , A
T AV VAR 74
-0.05 T 1 1 T T T -0.05 T 1 1 T T T
15 2 25 3 35 4 45 5 55 15 2 25 3 35 4 45 5 55
05 Oct 2014, 13:11:58, Simberian Inc. Time, [ns] 05 Oct 2014, 13:16:15, Simberian Inc. Time, [ns]

AM[21] Bv21): CV21): AM[21] Bv21): CV21):
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Use of single symbol response for
112 Gbps PAM4 bandwidth (BW) estimation

Test case: 5 cm of strip line on Meg7 with two vias with stubs
S-parameters measured up to 67 GHz

APrciecl11LrkiT MFP, B Projec1 Link(1 sl MFP. C Proel(1| Lk ThI MFF.

A:Project(1].Link(1].Pulse; B:Project{1].Link(1a). Pulze; C:Project(1].Link[1b).Pulze;

V. V]
AcPrcject(1) Link(TLMFP; a4t
Magnituds(5). [45] Phase Delay, [ne] :
]
TRy 065 :
www Red - BW=30 GHz ho delay extractioh:
fay
ol Y 0605 03 dvV=40mV
. Blue 4/ BW=30 GHz, with delay|extraction: |
& . i ; : : : ! ;
dv=20mV 050423 1300 S " = ST,
k N AMZTE——— BV} Cv21)
fir:e3 = — .
an v 0 Green— BW=67 GHz, dV=0 Eye Anslyzer - |
k LT Sl 7 53 Show Eye Metrics: Selected v Auto-open
e i Parameter Pro}c:l(\l.. Projectiy... Pm]ef_t[l) -
\ R 0625 Eye Level 11 (V)
Y |\1\*’ il Eye Level 10(V)
R A!\(vrﬁ 01T EyeLevel 01 (V)
T e A o 062 Eye Level 00 (V)
0 0 a0 a0 50 &0 Uppex Fve Eleia V)
05 Olct 2019, 13:26:53, Simberian Inc Frequency, [GHz] Middle Eye Height (V)
—F pg21] ¥—— - Lower Eye Height (V)
Y BN m\)ﬂ’\‘)‘}.rgchcf\ 2 — VM
Lower Eye Width (U))
Upper Eye Opening Factor | 0735613 | 0837284
4 Il + Il } } } } } Middle Eye Opening Factor | 0.741991 0.83622
D 5 D E D ? D 8 D 9 1 1 1 1 2 1 3 1 4 Lower Echn:mng Factor | 0.730316 0.828757
05 Oct 2019, 12:33:30, Simberian Inc. Time, [ns]
AN[21] :RYERR Cv2.1):
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Major Signal Degradation Factors

Thermal losses
Reflections
Couplings

25 AI‘JNI\« ERSARY

1) f_r;;
DES’GNC ‘ e S @ informamarkets
Hi_'ARD 5




Major signal degradation factors

*  Thermal losses
— Dielectric polarization loss and dispersion What effects are important at a
— Conductor resistivity and surface roughness loss and dispersion particular data rate?

. Reflections

—  Trace/transmission line impedance mismatch Are they accounted for by signal
— Single discontinuities — vias, transitions, AC caps, gaps in integrity software?
reference plane...
—  Periodic discontinuities — cut outs, fiber-weave effect,... Are they all included into
*  Couplings electromagnetic software?
—  Crosstalk — interference and leaks
—  Vialocalization breakout — leaks and interference If all effects are included, will
—  Couplings through discontinuities in reference planes model correlate with
— Modal transformations in diff. pairs (aka skew) measurements?

— Multipath propagation, radiation, EMI, EMC,...
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Thermal losses —
energy absorbed by materials

Dielectric polarization losses Conductor losses — resistivity and roughness

Electronic polarization of atoms or ions (induced dipoles) - R+i2nf-L
Atomic or ionic polarization of molecules (induced dipoles) @@ -
Orientation/Distortion molecular polarization (permanent d\po\es

> O—0
Macro-dipoles (charges on boundaries or in lattice)

e et et met met : : _ = SEa s R t absorption i
1 REREE 1 i1 e eons on

i
rjea {atlo

. . . l K, (N)Z(/)
All thermal losses are included into transmission S-

parameter (S21, SDD21,... insertion loss) : /\/\/\/\

See more in Material World... tutorial - #2016 _01 at
Technical presentations

frequency

Frequency, Hz
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Dielectric polarization losses

Approximately linear growth with frequency

A:DielectricHighLosgs. stip. 5FS; B:DielectricStdLoss. stip.5FS ; C:Dielectrick edLoss. strip. 5FS ; D:DielecticLowloss. stip. 5FS ; E:Dielectricl traLawloss. strip. 5FS;
Atteruation, [dB /m]

Val

Standard los

(LT=0.015)

T

11251 ‘I‘M.;p T T ‘ T !.thh 0sS (LT=0.02 /
o
- 1
-

—+ | Medium loss (LT=0.01)

T e / —
| | 6x1)2 milstrip|in dielectric with / —

"1 | Dk=4.2 (30 Ohm, typical size) / //" FR408
625 T / T

2T // — " tow loss (LT=0.005)

] — L o

FET ——

AT / _____...-EP"'"'-’_
1251 /2//*/‘*/ Jd_g_’_________,.-—{a-'"‘"' Meg7

' édﬂ_ﬁ?“‘"w ~ |Ultra-Low loss (LT=0.001)

.
i 25 5 75 0 128 15 175 20 225 5 75 an 325 * 36 an 425 5 475 50
0B Oct 20139, 08:06:08, Simberian Inc. Frequency. [GHz]
<) fMaodel1]; B:Mode[1]; =4 C:Mode(1]; £ [:Mode[1]; + E:Mode[1];

January 28-30, 2020 t: X"—INX S Simberian O informamarkets

Electromagnetic Solutions




Lossy dielectrics change delay and impedance
(causality)

A:DiglectricHighLoss. stip.5F5 ; B:DielectricStdloss.stip. 5FS; C:DielectricMedLoss. stip.5FS; D:DielectricLowloss. ship.5F5; &:DielecticHighLoss strip. SFS; B:DielecticS tdlozz stip. 5FS ; C:DielectictedLoss. stip 5F5;
E:Dielectictralowlozs. stip. SFS; D:DielecticLowl osz. stip. 5FS ; E:DielectricU traLowl ozz. stip. SFS
Attenuation, [dB /m] PhaseDelay, [nz/m] Magnitudel£a), [Ohm]
125+ &2 .
High loss (LT:0.0z)/ 1 o I ——
s A 7 Characteristic impedance
L \ 51.75 1
T E.95 . -
LN = | i)
} Ph iela\ / .l High Io\.,s (LT=0.02) | I
b 163 T
mT
5125 T /,-er‘/ =
i ‘ |
£.85
50T 81T J—
TE8 / L] T
Y. / | ]
5075 T —
1 TE7S =) —F]
25 /}l L = =
——
B0 T T
-y T 787 : —
ot ‘ B, ‘E
: : ! ’ ; : : ; = Bl e | ! ! ! ! ! | : | :
g 5 10 15 20 25 30 & 40 45 0 5 10 15 20 25 an a5 4n 45 50
08 Oct 2019, 10:55:06, Simberian Inc. Frequency, [GHz] 05 Oct 2819, 10:57:20, Simbetian he. Frequency, [GHz]
— AMode[l] O — — . = B:Mode[1] ¥— — — ;% C:Mode - — AMode[1]; — > B:Mode[1] —% C:Mode[1]; —&1 D:Mode[1]:

—&1 DiMode(1] O — — :—— EModefl] +———: ————F E:Model]:

Ultra-Low loss (LT=0.001)

5“'}\”” /ERSARY * = =
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Conductor losses

ADielectrichedLogs. strip. SFS; B:DielecticUlral owlozz. stip. 5FS; C:CondStd.strip. SFS; D:CondLP. stip. 5SFS; E:CondSmoath. stip. SFS;
Attenuation, [dB /m]

ol | I ¥a Copper with HVLP surface,
I /Medium loss (LT=0.

01) SR=0.14um, RF=8.7
/ FR408 /E,/
T et ol Copper with STD/RTF surface,
6x1.2 mil strip in dielectric Wlth /
Dk=4.2 (50 Ohm, typical size /E -

—" | | SR=0.4um, RF=2
30 */ /(f

|

~

Smooth copper

0T o ——

el L —r Ultra-Low loss (LT=0.001)
———'——_--———___.
— Meg7
—
ot
] 5 1 5 20 25 30 35 40 45 a0
0B Oct 2019, 10:36:57, Simberian Inc. Frequency. [GHz]

—# pMode[1]; —F B:Mode[1]; =% C:Mode[1]; = D:Mode[1]; == E:Mode[1];

Minimal possible losses on PCB are limited mostly by copper and copper roughness!
Larger smooth strips in dielectric with lower Dk and ultra-lower losses -> closer to cables;

25"‘!\I‘1Nu ERSARY

!
DesiGNCon‘Emm 30 @) itormarmarkets

WHERE THE CHIP ME E_‘-'- "‘-!E



Lossy rough conductors change delay

and impedance (causality)

A:CondStd.ztrip. SFS; B:CondLP.tip. SFS ; C:CondSmooth. strip. SFS
Phaselelay, [nz/m]

/Er‘

Altenuation, [dB4m]

50T
T72

i Copper with HVLP surface,
[ $R=0.14um, RF=8.7

4ty

N

T 715

F e
\//E ).//*,/ 71

|
L+ {705

Phase delay
— /IET/ re 1-
—
%/w/ ~-—--*”'"'_@ﬂ-—--ﬂ“-—-’e \ Less
N /@4 L Smopth copper '
l" -
A

307

—
S

r 6.9

e __*Ea-_ﬁ_‘g_j"‘————-ﬂ--—-_a
L D e 2 P A 1
S — o ——a T THE I oo oo O e
0 5 10 15 20 25 a0 35 40 45
06 Oct 2019, 10:47:03, Simberian Inc. Frequency. [GHz]
—# AMode[1] ¥ = = =———F] BiModel] 0= = = ;=% CMode[l] O———:

A:CondStd.ztrip. SFS; B:CondLP. zbrip. SFS; C:CondSmaath. ship. SFS;
M agnitudef£o]. [Ohm]

52 1

Can be up to

2 Ohm f

or

9178 T

ler cross-sections...

SMa
Copper with HVLP surfaceg,

¥
SR %
Mk SR=0.14Um, RF=8.7
/

: L\\\&\“ﬂ )/ Smoci’th copper

50,75 T+ i
\&k\m-\_ ) )
505 T —] - . ¥ .
)
5025 T
0 5 10 15 20 28 30 35 40 45 50
06 Oct 20149, 10:47:23, Simberian nc. Frequency, [GHz]

# v Mode(1]; £l B:Mode[1]; =<' C:Mode1);

Copper roughness models are identified with GMS-parameters from measurements
See explanation at demo-video #2017_09: How Interconnects Work™: Rough conductor currents and internal inductance

iy

v

Electromagnetic Solutions
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Predictability of thermal losses and
dispersion

* Depends on availability of frequency-continuous ultra-broadband models for dielectric and
conductor roughness
* Dielectric data from laminates manufacturers can be used to construct such models with
sufficient accuracy for preliminary analysis
* Dielectric models for higher data rates and for better accuracy must be identified
*  Parameters for conductor roughness models are usually not available and must be identified
* Possible identification techniques with separation of dielectric and conductor loss and
dispersion
— ldentification with GMS-parameters (Shlepnev, EPEPS 2015) — 2 t-line segments
— ldentification with SPP Light (Shlepnev, Choi, Cheng, Damgaci, EPEPS 2016) — 2 t-line segments

— Gamma-T - combined identification with Gamma extraction and T-resonator (Choi, Cheng, Damgaci,
Godishala, Shlepnev, DesignCon 2017)

See webinars #2, #5, #6, #8 at www.simberian.com
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Reflections — losses and ISI

 Reflection sources

— Trace/transmission line and terminations impedance mismatch

— Single discontinuities — vias, transitions, AC caps, gaps in
reference plane...

— Periodic discontinuities — cut outs, fiber-weave effect,...

All reflections are included into transmission S-parameter
(insertion loss)

Useful as compliance metric for channel quality control
Effective Return Loss — metric in time domain

25 AI‘JN!\« ERSARY
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ldealized channel S-parameters

PN . Z Zo — termination impedance;

o >] I,é o &~ Z1 complex transmission line impedance;

| : e vt Z.T, v, 72) Gamma — complex propagation constant:
> 27
Diloy=0res I'N=a+i—
. A

Scattering parameters: S11 or reflection
- 2-Z -Z,-csh(I",-1)/D
S(ow,1)= ‘m W 2( - D=Z+Zy+2-Z,-Z,-cth(T, 1)
2-7,-Z,-csh(T,-1)/D (2} -Z;)/D

If normalization impedance is equal to the characteristic impedance of the mode, we get generalized
modal S-matrix:

Z,=Z # S(a),l) :LXp(E)FI 'l)exp(—Fl Z)} (no reflections - we can only wish

0 that our channels are like that)

25“‘AI‘JN!\« ERSARY
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Reflections from more realistic links

5 cm about 50.5 Ohm strip line
segment;

FR408 — Wideband Debye: Dk=3.8,
LT=0.0117 @ 1 GHz;

Copper: RR=1.2, Causal Hammerstad
Roughness Model: SR=0.4, RF=2

A:Project(1).segm50_5cm. Simulation[1);

Magritude(5], [dB]

ot

A25T

‘»n
N
Pﬂ

*s11]

GFET {)JW
50T
A Minima when t-lineis 2z | .
2 L 27,
T o~ haIf of wavelength | A Lyk-7
6 EIS 1 U 1‘5 2’0 2’5 ?jD 3‘5 4‘0

16 Dt 2019, 1220018, Simberian Inc.
—k A5[1,1) —k A5[21]

25'“AI‘JI'.Iiu ERSARY
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Frequency, [GHz]

o1 L1 Aoz
101 a2
AUTLLIOTY o101 0z AbUTL1I02"
Fort 1 el | Fort 2;
El; U_mm
A E‘Q
SIM="5F5'
16 0ct 2018, 11:57:13. Simberian Inc. Editor Mode (press <Ex for Nety
A:Project(1).2egm50_Sem. Simulation(1);
Z, [Ohm]
a1 n 0 A TD LIAY
Reflections at high frequencies
8075 — fﬁ_\
50.5 AN /
50.25 - -
Reflections at lower|frequencies
50
D.I1 nz 0.3 U.Ili UTE 0& U‘T
16 Oct 2019, 12:02:25, Simberian Inc, Time, [ng]

HZ11):

More in app note #2009 04

i Simberian

Electromagnetic Solutions
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Reflections causes by impedance mismatch

5 cm about 25 Ohm strip line segment;
FR408 — Wideband Debye: Dk=3.8, LT=0.0117 @ 1 GHz;
Copper: RR=1.2, Causal Hammerstad Roughness Model: SR=0.4, RF=2

A:Project(1).seam5_Scm. Simulation(1);
b agritude(S 1, [dB]

A:Project(1).segm25_Sem. Simulation(1);

AR 521

MARMAN A e, TDR
IAAARARANNNAA AAR T
[T TR 7
407 \(
o0+ % } . Leaqa a )
d 5141 Multiple reflections
Reflection parameter: .
a0+ e B le_an J ( )
2 v 224 2-2,12, - cth(T, 1) T | —>] |
Iu} D 025 Df5 D.I?S 1 1.25 1?5 1 I?5 2
4 } } } } } t + 16 Oct 2019, 12:14:59, Simberian Inc. Time, [ns]
5 10 15 20 5 Ell 3 40 SZ01.11
16 Oct 2018, 12:12:22, Simberian Inc.

Frequency, [GHz]
—) 5[ 1] = A5[21];
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Reflections causes by impedance mismatch

5 cm about 75 Ohm strip line segment;
FR408 — Wideband Debye: Dk=3.8, LT=0.0117 @ 1 GHz;
Copper: RR=1.2, Causal Hammerstad Roughness Model: SR=0.4, RF=2

A:Project(1).2egm75_Scm, Simulation(1]);
A:Project[1).zegm75_5cm. Simulation(1);

. Z. [Ohr)
Magnitude(S). [dB]
W%% S 2 1 | BT s T D R‘
—=al /]
Nl n o oy

Q

® 3 \

O
5
Q
A
5
o

<

Bl e

201 l '< 1 ol mo Second reflection
’f 511

©v

o
©

(@)

. AT
1 Top level of 1S11 1l is defined mostlv bv the K
a0 HOPHEVEOH o4 -5 GEHREGTIOSHY-DY-th

Zo and Z1 when t-line length is quarter of -
wavelength — see |expression
+ + + + + + + + 45+
1] 5 10 15 20 25 30 35 40 + + + + + 4 4 I
16 Oct 2019, 12:22:04, Simberian Inc. Frequency, [GHz] 0 0.25 05 075 1 1.25 15 1.75
— w51 A5 16 Oct 2019, 12:23:45, Simberian Inc. Tirne, [ns]
AZM 1L
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Major discontinuities - VIAS

Capacitive PCB SE via example from CMP-28 channel modeling platform
from Wild River Technology — complete kit is available on request

A:Measured.cmp28_mstrp_via_capacitive_p1J19_p2J20.MFP;
B:MS_SE_Via_Capasitive_J19_J20.MS_SE_Via_Capasitive_J19_J20.Simulation(1);
Z, [Ohm]

A:Measured.cmp28_mstrp_via_capacitive_p1J19_p2J20.MFP;
B:MS_SE_Via_Capasitive_J19_J20.MS_SE_Via_Capasitive_J19_J20.Simulation(1);

Magnitude(S), [dB]
0T¢ P
\K_Transmlssmn
5 1 : S _ -] ST | |
L Reflection i Measured (red and orange)
10 +
50 +
15 +
20 11 45 1
25+ H
30 7 0+
i Measured:|lines with stars J/ ™~ Model (blue)
h ‘ . . . , . *Model: lines with circles, : : : ; ; ; ; : : } } 1
0 5 10 15 20 25 30 35 10 5 50 01 02 03 04 05 06 07 08 09 1 11 12
17 Sep 2014, 14:15:25, Simbesian Inc Frequency, [GHz] 17 Sep 2014, 14:17:57, Simberian Inc. Time, [ns]
AS[1,1]; AS[1.2]; AS21]; AS[22]; AZM); AZ[2.2); B:Z[1,1];
B:S[1.1]; B:S[1.2];

Vias must be optimized!!!
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EvR1-C1: Diff. link with 2 vias with stubs from BOTTOM
to INNTER6

Vias with stu

v.

¥ Corir_i_ed-or +Launch to BO De-compositional EM analysis

. Diff_RicToEr D L i . = : Shape and size of all traces and
= ' T_m_l_crostrlp.s (rips ] — backdrilling position are
D‘“' > adjusted...

Vias simulated with “thick”

metal option
AcMeasured.C1_2_4MM.MFP; B:C1_VIA5.c1_vias. Simulation(1); T—— A:Measured.C'I_2_:3:;:?;:?;??‘:.&5.c:‘I_vias.SimuIation[‘I I3
Mixed-mode S-parameters MagritudelS), [6] 2.0kl s
04 : — Diff. mode TDR
& TDR Reflection ﬂ s
1001 Pﬂw ]'v- a
0T
. "
Analysis to measurement N ﬁ
correlation example from al x\ e
. 3 A1 Better
EVR-1 project — see more at Modeled — black & green
app notes #2018 01, ant 3 -ﬁfs‘ stub4™ (diff.) and brown (common)
. 50T
2018_97 anc! webinar #8 at |
www.simberian.com 4 | Common mode TDR
Measured —stars Lt Ve A e
sl | Modeled —circles ; ; ; ; ; ; ;
} } + I + 4 + I I } + 1] 025 05 0,75 1 1.25 15
0 5 10 15 20 25 a0 35 40 45 50 15Dec 2017, 15:43:20, Simberian Inc. Time, [ns]
i 15 Dec 2017, 15:46:41. Simberian Inc. Frequency, [EHz] &Zmm(D1.01]; &Zmm{D2,02); &:Zmm[C1,01); AZmm[C2.C2);
25™ANNIVERSARY l ——* 4:5mm|D1.01 ——* ASmm[D1.02 —— B:Smm[DLD‘Ii;V_eI B:Smm[D1.002]: . B:Zmm|D7.07); B:Zmm{12.02]: B:Zmm{C1.C1]:
DesicnCON R . XIL ' Simberian L TTE————
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EvR1-C2: Diff. link with 2 optimized vias from
BOTTOM to INNTERG __ |

COHHECtOr + LaUnCh to BOTTOM Shape and size of all traces and

lef mlcrostrlps - ' backdrilling position are
Diff. S“‘ps . adjusted...

Backdrilled vias model

Diff. vias (BOTTOM to INNER6, backdrilled)

. A:Measured.C2_2 4MM MFP; B:C2_VIAS[1].62_vias Simulation(1]; AMeasured C2_2 4MM MFP; B:C2_VIAS(1].c2_vias. Simulation(1);
Mixed-mode S- Magnituds(S], [d8] Z. [Ohm]
1 = P aherie ctare |
parameters " [J[rangmissfon Mepsured—stars Diff. mode TDR
R#,__a_ﬁ Modeled — circles ﬂ - N o
Analysis to measurement ;! Reflection e L o
¥
correlation example from )
. Modeled|— black (diff.) and
EvVR-1 project — see more at, | L T
e brown (common)
app notes #2018 _01, Mode transformation h | hmi h
2018_07 and webinar #8 at,] a. | N 3 Ohm connector-to-launch mismatc
www.simberian.com ! Commoh mode TDR
-40 4 ] = —
E 1 I
Acceptable ! ! T UL e Ml ! ! ! : ! )
1] 5 10 158 20 25 a0 iz} 40 45 50 . . . . . H
Correspondence up 01 Dec 2017, 14:48:15, Simberian Inc. Frequency, [GHz] D_I25 U_I5 g_ll.f5 -i 1_I25 1_I5

A 2N L] —# A&Smm[01.01] —% A&Smm(01.02); —F ASmm[D1.C1]; # &:Smm[D1,C2]; 01 Dec 2017, 14:51:24, Simberian Inc. Time, [ns]
SR— w1 AR S E:SunDLD 2L - AZnn(D1 D11 &Zmm[DZD2]; AZmm[C1 1) BZrm(C2.C2]:

v
DES’GNCON m J -30, SIS ia AR _J) Informamarkets
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Reflections from discontinuities —
With Die & PKG model from IEEE 802 3ck

Meg7 — Wideband Debye: Dk=3.17, LT=0.0011 @ 1 GHz
Copper: RR=1.4, Roughness — Huray- Bracken Model:
SR=0.14 um, RF=8.7

#:Meg?_L10_GMS_Reva DifTine_10am(1] LNS:;

e Cd=120fF, [s=120 pH Cb=30fF, Cp=90fF, Lp=30mm
5————59-———@7___6 X - A:Mea?_L10_GMS_Rev3 DiffT line_10cm_Pack(2) LNS;
10t 4 agnitude(3], [dE]
Relatively low loss °T DRI A AR
20T
|SDD11] or diff. reflections from E> Transmission with package
1710 cm segment (about 100 Ohm) et A\ . /
o \ N\ vy
50T | ot |SDD11 | or diff. reflections from 10 cm
- 1
. ! ! ! ! ! segment (about 100 Ohm) with|worst case die W
0 10 20 30 40 50 E0 and package model from IEEE 802.3ck|group A"“‘\W
18 Oct 2019, 10:32:41, Simberian Inc. Frequency, [GHz]
=5 ASmm[D1.01]; =8 A:Smm[D1,02]; : : : : : : : : : : :
0 10 20 0 40 50 £0 70 £0 50 100
15 Dec 2019, 10:15:15, Simberian Inc. Frequency, [GHz]

S0, 01 ] =" S [D1.02]:

Electromagnetic Solutions

January 28-30, 2020 t: X"—INX S Simberian O informamarkets



Reflections from discontinuities —
With die & PKG model from IEEE 802.3ck

Acbeg?_L10_GMS_Rew3 DiffTline_10cm_Pack(2].LMS:

Z.[Ohm] AcMeg?_L10_GMS_Rev3 DiffTline_10zm_Pack(2) Pulza:
W, W]
__————  TDR, Tr=4ps
"eke 4 i
o1t
wl _ﬁ{ T il Wanmd = SSR (single symbol response,
' Double reflection in PKG V nor T symb=17.8571ps, Trise=4ps)
a0 T
| = PKG to PCB =]
)i P o5 T : .
ol i/ Die to PKG e Multiple reflections!
Meg7 — Wideband Debye: Dk=8.17, LT=0.0011 @ 1 GHz s A o 'l'v A
50T CJ}J}JCI RR=1.4, Rou 5h|n:3:— I Iuldy- Bracken-Model: U
S? 0.14 urr RF=8.7,[10cm (~4in) , ' , , . , . , , .
t ‘ ‘ f 1 125 15 175 2 225 25 275 3 3.5
i D 5 1 15 2 25 3 16 Dec 2019, 10:19:12, Simberian Inc. Time, [ns]
15 Dec 2019, 10:21:41, Simbenan Inc. Time, [ns] &mm[D1.02);

AZmr[D1,07];
Worst case reference package model from IEEE 802.3ck group for COM metric
computation: Cd=120fF, Ls=120 pH Cb=30fF, Cp=90fF, Lp=30mm

25“‘AI‘JI’.I!\« ERSARY

1 /
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Shorter package -> more distortions

Longer package (30mm) Shorter package (5mm)

A:Meg?_L10_GMS_Rev3 DiffTline_10cm_Pack(2).Pulse; AcMeg?_L10_GMS_Rev3.DiffTline_10cm_Pack(2short].Pulse;
RAL W[V
0125 T 012 T
SSR (Tsymb=17.8571ps, Trise=4ps) SSR(Tsymb=17.8571ps, Trise=4ps)
o1 0T
. n 4in PCB link, IEEE 802.3ck reference package: - 4in PCB link, IEEE 802.3ck|reference package:
' Cd=120fF, Ls=120 pH Cb=30fF, Cp=90fF, Lp=31mm ' Cd=120fF, Ls=120 pH Cb=30fF, Cp=90fF, Lp=12mm

\ : Reflections cause!ISI

0.025 T 0.025 T
1 Jnl Pt . &) A 1 U J(\._.'\f\ A > nr'l

1] 0T o
U v v u W
0025 T 0.028 |
+ + + + + + + + t + + t + + t t t t t t t t t t t t t t t t
0.875 1 1125 125 137 15 1825 178 187 2 2125 225 235 25 2B 075 087 1 1126 128 137 185 1EXE 175 187 2 2126 225 2378 25
19Dec 2019, 11:30:31, Simberian Ine. Time, [ns] 19Dec 2019, 11:24:54, Simberian Inc. Time, [rs]
AMmm[D1,02]; AMmm[D2,01];

5'“AI‘JI'.Iiu ERSARY

DEesignCon bt ~30, ( B caiariaiie

WHERE THE CHIP J‘ILE_‘-'- "HE BOARD




Package discontinuity importance

COM

Brown: PKG_Len=31mm

COM > 3dB

COM vs Loss for two %
package lengths

Total Loss, dB

COM PKG 31mm PCB Link
Length
TCOIVI > 3dB
lcom <3dB
“;"‘4_3“‘
COM vs Loss for two package "“1.,'
lengths and different PCB %

lengths -
Total Loss, dB

More at A. Manukovsky, Y. Shlepnev, Z. Khasidashvili, E. Zalianski, Machine Learning
Applications for COM Based Simulation of 112Gb Systems, DesignCon2020, Wednesday,

January 29, 12:00pm - 12:45pm, Ballroom F.

DEsiGNCON'E
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Reflections from discontinuities:
Half of worst case IEEE 802.3ck

Meg7 — Wideband Debye: Dk=3.17, LT=0.0011 @ 1 GHz ”;:3,159',*”‘2;
Copper: RR=1.4, Roughness — Huray- Bracken Model: ’
SR=0.14 um, RF=8.7

[Y o ¢
ER e ’37 L10GHS_Rev _prgl

.”M gz L10_GMS_Reva™;

S\M S S m PRJ=, ”Me GMS_Rev3™:
A:Meg? L10_GMS_Rew3.DiffTline_10cm(1].LM5; onl1)";
Magnilude[S], [dE] Cd 60fF LS 120! pH4ﬂGbM\15fF Cp 45fF Lp 30mm Editor Mode [press <E> for Nety
of
5_—-—9-———@.__ . A:Meg?_L10_GMS_Rev3.DiffTine_10cm_Pack(1)LNS:
ﬂ —— Magritude(s], [4E] :
0T [ 7 ot , , . , .
Relatively low loss WWWWWW.A
1 04+ A — .
|SDD11]| or diff. reflections from E> Transmission with package
-alT 4
T 10em segntnt (about 100 Ohm) aT M /
A0T N i I \ M%
T ' 77 % 1SDD11] or diff. reflections from 10 cm ‘”‘\W
' ' ' : ' ; sl segment (about 100 Ohm) with worst case die Me
18 Oct SD'IS,10:32:142,Simberiainlnc. * * Er?equency, [éﬂz] 4 and paCkage nnOdEI from IEEE 80: 3Ck grOUp
T ASmIDLDTL TS ASmnlDT D2 0 10 20 10 10 50 60 70 30 a0 100
15 Dec 2019, 11:06:08, Simberian Inc. Frequency, [GHz]

—# ASmm[D1.01);——* A:Smm[D1.02]:

%t:; Simberian O} informamarkets
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Reflections from discontinuities

It looks bad even with the half of worst case — package is a weak link

Acbeg? L10_GMS_Revw3 DiffTline_10cm_Pack(1).LM5;

Z. [Okm]
o TDR, Tr=4ps
o0 T /———-h_--__—_-_—l

=

—r"‘g PKG to PCB '

opper: RR=1.4, Roughness — Huray- Bracken Model:

1 GHz

ar w Meg7 — Wideband Debye: Dk=3.17, LT=0.0011 @
C
70 S

R=0.14 um, RF=8.7, 10cm (~4in)

BT Die’ OVKG

i} D 5 1 15 2 25 3
15 Dec 2019, 11:01: 25, Simberian |he.

AZmmD1.01]:

Time, [ns]

A:Meg?_L10_GMS_Rew3 DiffTline_10crm_Pack(1). Pulze;
W, [v]

08T

0125 T

01T
SSR (single symbol response

nos T 3 . )

Tsymh=17.8571ps, Trise=4ps

0.05 1
ek Multiple reflections
ot llu,-_ A
} } } } } } } }
1 1.25 15 1.75 2 2.25 25 275
15 Dec 2019, 11:00:1 2, Simberan Inc. Time, [rnz]

AN mm[D2,071]);

Half of worst case reference package model from IEEE 802.3ck group for COM metric
computation: Cd=60fF, Ls=120 pH Cb=15fF, Cp=45fF, Lp=30mm

lll[
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Reflections from periodic discontinuities

more glass fiber at humps
more resin in valleys

* Fiber-Weave Effect — periodic
discontinuities in dielectric

* Periodic cut-outs in ground planes -
traces in BGA breakout

 Via fences too close to traces

* Periodic discontinuities can be used
to equalize even and odd mode
velocities in tabbed microstrips and
flex interconnects

See demo-video #2019 _06: How Interconnects Work™:
Visualization of fields at resonances in PCB interconnects

lll[

25™ANNIVERSARY
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More on discontinuities and periodic structures

See it on YouTube

e  $#2017_07: How Interconnects Work™: Microstrip crossing Simbeor channel....
slot in the reference plane - long slots and close solid plane : —
cases / ’
*  #2017_06: How Interconnects Work™: Microstrip crossing c.km:.mcm., - 20
slot in the reference plane e
*  #2017_05: How Interconnects Work™: Microstrip over
circular cut-outs in reference plane (with analysis to
measurement validation)
e #2017_03: How Interconnects Work™: Differential microstrip i i
over meshed reference plane in flex interconnects
*  #2017_02: How Interconnects Work™: Microstrip over ﬁ i &
meshed reference plane in flex interconnects SR aeee S T
e brepimtelrdeomlot

5“‘AI‘JN!\. ERSARY = =
i Simberian

Electromagnetic Solutions

DesicnCON
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Couplings: Leaks and Interference

 Crosstalk — leaks and interference in traces
Leaks and multipath

* Via localization breakout — leaks and oropagation are all included in
interference and through parallel planes and transmission S-parameter (521
between vias or SDD21, insertion loss)

* Couplings through slots and cutouts in Couplings and interference

from aggressors are always
reference planes additional parameters (NEXT,

FEXT, common to

 Modal transformations in diff. pairs (aka skew) differential,..)

— bends, asymmetry in routing, FWE

* Multipath propagation, radiation, EMI, EMC,...

DESIGNCONERT] oyt January 28-30, 2020 RUPMIMINDY 39 (Qirmiistst
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Crosstalk - Leaks

Structured Meshe ¥:318,%:39, Z:9, d=4, d¥'=4 &Zmax=28102 . . . .
Elk s 111 £18; Matri SM: 1339 416, CM: 16, Final 4:
1 inch of coupled microstrip line — L

00T, fmil]

) 4 5501250 power flow density at 16 GHz

=5 L
240 -180 -100 il 100 180 200 260 300 360 400 450 500 560 E00 ES0 700 780 &00 860 400 360 1000 1050 1100 1180

e S Leak to p2 (NEXT) @Mm‘fégﬁ o

M agnitude(S]. [dB] A:Project1].5egmentTin.Simulation(1):
o+ | t agnitude(S). [dB]
|\ i —— p4 (FEXT)
S41 | ExT T |S31]
|S21 | NEXT a0 ~ Behavior can be
af \\ explained by
( \{\ [\ﬂ \([’\ﬂf‘ E>2”' Transmission[from IN to OUT — superposition of odd
] power is {‘sucked out” from and even modes in

l{ lI | ¥ *|'| “aggressor” < includes effect of \) coupled segment
FEXT and NEXT leaks

40

TR
]

a0t
E
*
0 5 10 15 20 25 ] 35 40 45 50 U M 10 15 a0 o5 1 x5 a0 e 0
19 Ot 2019, 07:36:49, Simberian Inc. Frequency, [GHz] 13 Oct 2019, 07:37:57, Simberian Inc. Frequency, [GHz]
— A5[2.1): A:S[41]: — A:5[31]

25™ANNIVERSARY
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Crosstalk - Interference

Structured Mesh: 3318, .39, 229, dx=4, dv'=4 dZman=28.102
Elements: 117 B18; Matrices: SM: 1339 416, CM: 16, Final 4;

R 1 inch of coupled microstrip line — -
00Ty i)

#5 lonaFlewCuPlane) s 16 GHz: 16255 Ind. 515 power flOW denSity at 16 GHZ

e, M= 27200 [

0[de]

10

Tog [ T

130

A0 p 1 *

. .
p3: OUT
wl IN 4 - "
—ZHDI ‘—1 50 -100 50 1} 50 350 400 450 500 550 EO0 B50 7on 7EO0 a00 a50 500 550 1050 1100 11ED+ F EXT
19 Oct 2019, 07:39:18, Simberian Inc. w Mode [press <E> to Edit)
.
Project(1).5egment1in[1).5BR; p . gg .
A:Project(1].SegmentTin. Simulation(1]: . [v] Project(1] Segmentin(1) SBR.

Magritude(S). [dB] W, V]
\L\~\J 041 ‘\ BR: ol '\
" ~ . / \b/pl to p3 / \ Combined response —

N

B
m
m

NN
J 1

N m x|

‘wn
w
No
M
x

T M

17 I 014 |
|S31| Y / "4
a0 Tranrncrmiccian 1] -
ransmitssion 0 \
‘ . ' L , ' 0T \/-v
i 10 20 a0 4n L] t + t } } ; I . "
18 Dot 2013, 11.0347, Simbesian Inc Frequency, [GHz] 0 ar o0z 03 0.4 05 0.6 07 08 : ! } } | } } ' :
—k wS[3] £5032) 19 0ct 2019, 11:22:02, Simberian Inc. Time, [ns] 0 01 0z 03 0.4 05 0 o7 0s
U - W31 V[3.2]: 19 0ct 2019, 11:21:48, Simberian Inc. Time, [nz]

— W13
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Crosstalk - Interference

Structured Mesh: 318,38, 729, dx=4, dv'=4 Zman=28102
Elements: 111 613; Matiices: 5h: 1 333 416, Ch: 18, Final: 4,

s 1 inch of coupled microstrip line —

T — power flow density at 16 GHz

i, Ma=80840 [ o

048]
-;E ?mz"¢
an 1
0 .
pL: p3: OUT
TN
MV w

e il | ]
1] a0 100 150 200 250 300 350 400 450 500 550 600 650 700 750 |00 850 900 950 1050 1100 115U + N E XT
19 Oct 2019, 10:10:13, Simberian Inc. iew Mode [press <E> to Edit)
@ .
T pZAggr OouT 4: Agor. IN
i it t
] roiect(1) SegmentTin Simulation(1]: Project(1] Segmentlin(l | SBR: p . gg .
I agnitude(S), [dB]

04 | M eke) T H : V-1l
N

|
—————_[331] Transmissior

Sy | ser i A
a0 ~~ / ~ pltop3 " / \ position of NEXT is

1y |S34| NEXT \ / \ e

|
1 & VL= FEXT: §
,/ \ |

Project(1).SeamentTin[11.5ER;

Combined res;bonse -

¥
\? 01T

p4 to p: o1
2o+t +—F— 31—+
0T = il
I I I ; ! ; I I I
90 20018 T340 wa | 20 30 a0 . SGDH 0 01 0z 03 04 s 06 07 08 0 ooz 0.3 0.4 0.5 [iX: 07 o8
ct . :40, Simberian Inc. requency, [GHz] 19 0t 2019, 11:-30:20, Simberian Inc Time, [ns] 19 0ct 2019, 11:31:33, Simberian Inc. Time. [ns]
—# 4:5[3,1] A:5[3.4]:

VAL — VA[3.3
25™ANNIVERSARY

DesicnCon 2020 i % Simberian

WHERE THE CHIP MEETS THE BOAR

)i informamarkets
Electromagnetic Solutions



Power leaks from single via (no stitching)

Behavior of such via will depend on the board geometry and
de-coupling circuits!

Structured Meshi: ¥:48, .54, 2:120, d%=1.77165, dv=1.77165 dZman=29.5071 \ LS 5 G H Z
Elements: 291 600; Matrices: SM: 3 439 200, CM: 9, Final: 2 Stueiuied Mesh: X.45, V.54, Z120, dx=1.77165, dr=1.77165 dZmans 23 5F1 ' ‘
Elements: 231 B00: Matiices: Shi: 3 439 200, CM: 9, Fin 1 oy Lie
Bnabeis: Mulipart - : I i
#1 PoweiFlowlvolume) at 5 GHz: T=200 ps: Paak: gy o0

TORP Min=0, Mar=53317 J

Min=01, Max=533300 [w//m"2

Analysis: Multiport
#1 PowerFlow(Volume] at § GHz: T=200 DM

0[dB] —_ T;Bl ‘ INNERT
ey -0 )
P 20 dB |2 o
dB a0
-30 -40 INMER2
-40 o

2

11 pr 2048, 15:52:32, Simberian Inc. ’lj" 3D View Mode (press <E> to Edit).

3D View Mode [press 4£> to Edit).

Power leaks into inter-plane areas

Demo-video #2019 _08: How Interconnects Work™: Signal leakage from single-ended PCB vias - visualize and fix it!

¥

gy 25™ANNIY l - -
D ES s’ Gr \!L ON 2020, / L Simb erian \)j informamarkets
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Power flow through via with 2 stitching vias —
conditionally localized structure

Structured Mesh: }.55, 34, 2120, de=1.77165, d'=1.77165 dZmax=29.50 5 G H z Structured Mesh: }.55, 34, 2120, de=1.77165, d'=1.77165 dZmax=29.50
Elements: 224 400; Matices: SM: 2 692 800, CH: 3, b2

] Elements: 224 400; Matrices: SM: 2 692 800, CM: 9, b2 ] 1 0 G I I Z
Analysis: Multiport - S Analysis: Multiport o = .
#1 PowerFlowYolumel St 5 GH s - =

#2 PowerFlow(yolume}af TC
Mi

Top

iyl

MO

AMNERT

i

/.
!

TEHNMERI

BENDA
¥ CCt

A

!

Yiv.
i
g

.

"

MNDS
CC2

|

v
9y

.

"

SINNERS
ENDE

l i i ® .
11 Apr 2018, 15:26:45, Simberian Inc. ™. . - f 5 3D View Moads [press <E> to Edit]. Ao 20008, 15:27:15, Si%j

Small power leaks into inter-plane areas at lower frequencies
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breakout of localization

Structured Mesh: 55, 34, Z:120, d4=1.77165, dv=177165 Zmau=,
Elements: 224 400; Matrices: SM: 2 632 800, CM: 3, Fi :
Analysiz: Multiport

#3 PowerFlow[yo

Power flow through via with 2 stitching vias —
== 20 GHz

gl

Structured Mesh: .55, 34, Z:120, d¢=177165, dv=177165 Zmax=.
Elements: 224 400: Matrices: SM: 2 632 800, CM: 9, Finak-2;
Analysis: Multiport

4 PawerFlowlio

i

!

"

!

Y

A
y

!
\

|
i

'

'BD'V'lew Mode (press <E> to Edit).
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Via predictability from EvR-1 board

Conector + Launch to BOTTOM "

' :SE ket

Vids (BOTTOM to INNER1)
" stitched and-not stitched vias

A:Measured.C5_VIA_HIROSE_IFEW_SO00HZ MFP; B:C5_VIAS C9_YIAS.Simulation(1);

localized )
; I \ Behavior of the single via is
o o measured : ' . _
Via with just 2 stitching % N I : '. BJ\ unpredictable!
vias at 30 mil distance is CON! : ‘ AYAVS o

15 GHz » From M. Marin, Y. Shlepnev, 40 GHz PCB
Interconnect Validation: Expectation vs.
Reality, DesignCon2018, January 31, 2018,

Santa Clara, CA.

nodeled

45

525 %’
localized only up to 10- N V,,/——”,‘“\
i

425

o1 n2 03 04 05 0e a7 08
17 Apr 20M8, 14:27.36, Simberian Inc,

A7(1.1 B:Z(1.1

DES’GNCO?WN "" l' January 28-30, 2020 (: XILINX O} informamarkets

WHERE THE CHIP MEETS ) ALL PROGRAMMABLE.




PREDICTABILITY OF COUPLINGS —
design only with localized predictable structures!

Not localized == not predictable! Predictable, conditionally localized, single-mode!

|
— Stripline » ”Fenced”E ® ®
Stripline — 2

s <—
® o
- Microstrip » CBCPW T = l ® ®
|
| | NN
w< — 2
Via + stitching via(s) ;

somewhere Localized Vias d<-

If not possible - use
of bandgap structures
for localization

¥
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More on coupling...

See it on YouTube

. #2019 11: How Interconnects Work™: Crosstalk in microstrip lines and how to reduce it
(use of tabbed lines) Simbeor channel....
. #2019_10: How Interconnects Work™: Where crosstalk may come from - case of coupling

between differential striplines and vias

. #2019_09: How Interconnects Work™: Where crosstalk may come from - case of
stripline coupling through antipads in BGA breakout areas

R 11:48

_siZD

Crosstalk in microstrip lines Crosstalk between

. #2019_05: How Interconnects Work™: Crosstalk in adjacent striplines and how to reduce and how to reduce it differential strips and vias

314 views + 2 months ago 308 views + 2 months ago

it - visualization with power flow density

. #2019_03: How Interconnects Work™: Crosstalk in striplines and how to reduce it -
visualization of coupling with power flow density, electric and magnetic fields and current
density 1419

Simbeor + COM script is all Visualization of fields at

. #2019_02: How Interconnects Work™: Visualization of mode conversion or skew in youneedto designserial.. resonances in PCE..
differential traces with power flow density i Sl st g

. #2017 _08: How Interconnects Work™: Crosstalk in microstrip traces crossing split planes

. #2016_13: How Interconnects Work™: Crosstalk power flow in differential vias

. #2016_12: How Interconnects Work™: Crosstalk power flow in single-ended vias P

. #2016_11: How Interconnects Work™: Crosstalk power flow in microstrip lines e v

25“‘AI‘1N!\. ERSARY * v ’ .
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Analysis of PCB/Packaging Interconnects

Equations and solutions
Accuracy
Predictability

25 AI‘JNI\« ERSARY

1) f_r;;
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Analysis of Interconnects:
Problem dimension and formulation

o , . PED 7,05 1)
1D models or transmission line models — Telegrapher’s equations ox
Modal or per unit length parameters for the Telegrapher's equations (Z, Y) are computed with static or al(x _ —Y,(6)*V (x,1) 3
quasi-static field solver (2D problems for Laplace's equations) or an electromagnetic fields solver (3D
problems for Maxwell's equations) .
Lines with coupling, multimodal waveguides, periodic structures can be accurately modeled
2D models or transmission plane models - 2D Telegrapher’s equations (Maxwell’s Vo) VO iy 0
equations for 2D TE problems) x ’
Component to model power delivery processes in parallel plane PDNs PO __, (D] (1)
See more at Y. Shlepnev, ACES 2006, EPEPS 2012 55’;)
(1%
Py -Z J, (0
3D models or 3D full-wave models - everything described and solved with Vx[™ - -

Maxwell's equations without any simplifications for 3D geometries or field
components
Analysis of discontinuities such as via-holes, connectors or any type of transitions between uniform traces

Analysis of Sl, Pl or SI+PI with 3D models is possible with some tools, but may be not practical due to
enormous complexity and accuracy issues

25“‘AI‘JI'.Iiu ERSARY

Vxﬁ(?,z)=y5\7,l)*nk7,z)+./

i informamarkets
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Analysis of Interconnects:
Hybrid models

Coupled diff. e Differential t-line Ports 5and 6

1D+3D: Hybrid de-compositional analysis with transmission line models for e
traces (1D) and 3D models for discontinuities or transitions P = AT | LT
The best technique for the serial interconnects under the localization condition (Y. Shlepnev, EMC 2013) R ek ® B gt
This approach usually works for PCB and packaging problems with relatively long traces, but may fail if e Ml B port Tand8
trace segments are too short - complete 3D analysis is required in this case

1D+2D: Hybrid analysis with transmission line models (1D) and the transmission

plane models (2D) coupled at the via-holes (more at Y. Shlepnev, ACES 2006) L

Such models are usually used to simulate Sl + Pl - even the whole board simulation is possible in many o
tools based on this technique, popular for solving un-localized problems ©

Though, the accuracy is severely limited due to via-hole models simplifications

1D+2D+3D: Hybrid analysis with transmission line models (1D), transmission 3D Discontinuities

plane models (2D) with the coupling between two modeled simulated with 3D /N T-Lines
analysis ey S R LTS
Advantage - fast algorithms of 1D+2D and accuracy of 3D at the discontinuities L l | ﬁMultiljmode
Needed only in case if there is substantial coupling between 3D (via for instance) and 2D (PDN) models - 2D PDN couping

case of non-localized vias, when energy from Sl go to Pl and the other way around i

If you forced to use this approach, the alternative is to fix design — enforce the localization and simplify sz /7
the problem back to 1D+3D

DEesiGNCON'ERT * rrprmna . XILINX @ £\ simberian 51 @ informamarkets
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Accuracy of 1D+3D de-compositional analysis

*  Accuracy depends on proper localization of every single element in the link
— Easy for 6 Gbps and very difficult on PCB for bandwidth of 112 Gbps signal
* Broadband dielectric and conductor roughness models are identified (with GMS-parameters or
SPP Light)

— Very important for PCB — models must be statistical for 56-112 Gbps (see more A. Manukovsky, Y.
Shlepnev, DesignCon 2019, EPEPS 2019), about time to start doing it for packages

*  Manufactured geometry adjustments are identified
— May be less important for packages, very important for PCB — models must be statistical for 56-112 Gbps

* Electromagnetic solvers are formally validated with measurements using systematic approach
(“sink or swim” for instance)

— This is not just getting the analysis matching the measurements by any means — see more at M. Marin, Y.
Shlepnev, DesignCon 2018, EMC 2018, Webinar #8

— There are no data on solvers that are formally validated for 112 Gbps signal bandwidth (so far variations in
geometry and materials technically prohibit this)

*  Other considerations: Ports consistency and de-embedding, boundary conditions,...

25“‘AI‘1N!\.ERSF\RY I I .
DES’GNC | ;7 January 28-30, 2020 > 4 XIL'NX S Simberian 52 (@ informamariets
WHERE THE CHIP MEETS er BOARD J Electromagnetic Solutions




Limitations on predictability of PCB interconnects
LT=0.001 @ 1 GHz, RR=1.5, SR=0.15 um, Dk, and RF are adjusted Models extracted with Simbeor SDK

25

et

RF:

*" mean=8.13
[} — - o)
s cases Red curves — Measured GMS-parameters v | stdev=0.76
Blue curves - Modeled GMS-parameters o

05
0245

Phase Delay. Ins]

078 10f 4

Loss variations at lower vas
frequencies are not \/J ¥ o i 1

' captured well ' 1
) i . i e 7
-}

Dk:/mean=3.188
stdev=0.015

#2019 _01: A. Manukovsky, Y. Shlepnev, Effect of PCB Fabrication Variations on Interconnect Loss, [ ]
Delay, Impedance & Identified Material Models for 56-Gbps Interconnect Designs, DesignCon 2019 . e o e - = )
#2019_04: A. Manukovsky, Y. Shlepnev, Measurement-assisted extraction of PCB interconnect model

parameters with fabrication variations, EPEPS 2019 causes 1 Ohm variation in Zo

5“‘AI‘JN! /ERSARY
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Design insights from signal integrity
practitioner — examples of interconnect design

Vadim Heyfitch, Xilinx
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Analysis of interconnects

« HBM2 on Organic Interposer as an Example of Chiplets’ Interface

112G PAMA4 Single-Ended Channel in 7-2-7 Package Substrate:
Via Design & Channel Analysis

* Validation of Characteristic Impedance on Package Substrate with Micro-
probing and Measurements

 GL102 Material Property Identification with a Test Vehicle

* Crosstalk in BGA Breakout on PCB:
When is necessary to back drill?
How much does it help?

* Guard Rail between Differential Pairs:
Does it help? How much space does it save?

e RCM use for Multi-scale time-domain PDN simulation

25"ANNIVERSARY 'I'a!'rl" iA XILlNX &L S:mberlan
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8GB co-packaged DRAM

2x HBM
S

Does not have to
be Silicon...

HBM2 on Organic Interposer
as an Example of Chiplets’
Interface

£ XILINX | @ simb
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The two routing options on 3 layers

SGS (Signal-Ground-Signal) stackup CPG (Co-Planar Ground)
1700 signals/2 layers 1700 signals /3 layers... + GNDs

Electromagnetic Solutions @ informamarkets

DESIGNCON

soesy l. (A XILINX %Simberian
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Eve Quality Metrics: tSU/tHD < Noise

& XILINX Z %Simb_erian
. B Electromagnetic Solutions

© Copg Xilinx
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Silicon RC edge eats into tSU margin )

RC-edge
on Silicon

DES’GNC.(%5 Y2620, *? January 28-30, 2020 & XILINX (( %Slmbenan
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Want less loss? Be careful what you wish

|
i CLK
|

& XILINX Z %Simb_erian
. B Electromagnetic Solutions

© Copg iIinx
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Line parameters

Z(f) & Loss(f) vs. trace width

TDR (effective Z) vs. trace width

Magnitude(Zo). [Ohm] Attenuation. [dBfmm] Z. [Ohm]
\ ¥ i
140 & } 3 L . T
v | Y y 02733 | | I | I | [ 21~
Z(f) VL A 2um v LOSS (f) vars e
1 \ ¥ 7 T,
13 3um _2'Um e AN 0.25 v 2um
4 1 g ;o 75+ — 1 1 4 1 - 1 1 1 i S - — — -
120 Um ' } uz?s’aum . [
\ \ \ i ) 0.225 P
5.5u m N X gum S | | |
110 Y y Y - : 0.z /
\ ) 0.1888 > ) L
- \ ¥ 5.5um , TN 3um 1
100 A A e — g 0178 65 . -
A P AL aann ol
RN N ws o P L lAum. L
a0 P \__ \ 2 -
P \ %0 -
X TN 83 ¢ v b
y Wty \ T 0125 o lo” . é.j—u M. sl
a0 . A W . K o e
o AT T TN \ | N CLLLLE 1s A
e 2 .
70 s‘r.}a P K .,‘
. - 65266 <| K075 [ L
2 ——x " G
60 £ 57 < | @ o*
- T 05 ¢
REES 5 — ey 5 k
— 4431 < 022;5-“.-!---- -
—— -
0
0.01 0.1 1 0 001 002 003 004 005 006 007 008 008 01 011 012 013 014 015 016 017 018 019
12May 2017, 11:51.31, Simberiar Inc.

10
Frequency. [GHz] 12 May 2017, 12.46:39, Simberian Ine. Time, [ns]
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Minimal model frequency bandwidth?

6GHz (solid) vs. 20GHz (dashed) for 3 Tx
Insertion and Return Loss strength values.

2
Magnitude(S). [dB] Ty
gl] - e 7 ] ‘k‘:“i“e"a e ——
PR — —ﬁ% L Vi
H Bl R T o8 W/
= tnsertion—— v RX /7
(:g- ) i/
75 os 1
Loss /
4
125 =138t i i 02 ¥
—y 4{4)
8 A7 T —Return 2um* ! "
- o -
175 e - R =1 02
_—w!m = JLoss | 3 =
- - . \ 4 e
-20 T2t T e - U,m__ =" - -’ ' P
225 VA =, s | g
v =
< 05.5um
-25 - - P
ral
275 s - Iy
v
325 e - [ 4um F;;f'(.r'/
| ol Ey /f
- - 1
-35 - @ TX I
W
3758 i
» _ . /
25 5 75 10 125 15 175 20 225 25 275 T — J
12 May 2017, 1153 33, Simberian Inc. Frequency, [GHz] . ! e B P A = . e
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Why does it ring? It’s an oscillator!
SoC/HBM HBM/SoC

Vsig+Vnoise

' ¥ X|L|NX % Slmbenan

lectromagnetic

;7 January 28-30, 2020 ——
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No ringing without C_ . & C.. — only lJitter!!

out

Parameters Eves with XT

AInFO_base.XT_48x84um_OM1_7M3_psxt.fft;

VX, V]
06
edge 05
C O ™ - - - -, B ]
04
Eye Analyzer n
03
¥ By Show Eye Metrics: Shiected [~| [ Auto-open \ \
v A 4 02
Parameter InFO_base. XT_48x84um_0M1_7M3_psxt.fft: T_xt[8.8] | InFO_base.XT_48x84um_O0M1_TM3_psxt.fft: T_xt[11.11] L )
Eye Level Zero (V) -0.422938 -0.422877
Eye Level One (V) 0.4226 0.422664 \ \ 0.1
Eye Level Mean (V) -0.000334269 0.00134397 S
Eye Amplitude (V) 0.845558 0245541 X A 0
Eye Height (V) 0.813286 0.808479 /"
Eye Width (Ul) 0.922395 0.872284 f' 0.1
Eye Opening Factor 0.961833 0936168 /
Eye Signal to Noise 752806 31.1955 / 02
i = i -
Eye Rise Time (20-80) (L) 0.173381 0.17073 F )
Eye Fall Time (80-20) (Ul 0.172278 0.170846 ! 03
— / 0:
Eye Jitter (PP} (U} 0.0776053 0127716 /
Eye Jitter (RMS) (UI) 0.0258398 0.045087 / 04
LTI L 2 o ST S e e e S Y Y 1t e e To ey g
05
06
0 100 200 300 400 500 600 700 800 900 1000
05.Jul 2017, 00:14:07, Simberian Inc. Timelnterval, [ps]

AVX[B8] mmim  AVX[111] ===
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Free oscillations with 3GHz natural
frequency

Victim is quiet-high
3GHz natural
oscillation frequency

 Under-dampened

* Rings out within 1UlI
(almost)

25 AI‘JN!\« ERSARY
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Two more types of crosstalk

Victim/aggressor in phase Victim/aggressor out of phase

@0 @200p @400p @600p ®800p @1n

25 AI‘JN!\.EF‘SF\RY e * (v XILINX 7 %Slmberlan
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Crosstalk Coupling across M1/M3 layers
(through M2 GND Mesh) vs. Coupling Within M3 layer

Across M3/M1 is < -40dB @1GHz

[y

Within M3 is < -21dB @1GHz

AInFO_base nFO_base_TM1_PM3_EOF_pBC_3du(1)_s2Bp:Sim{1); B:InFO_base.LinCic_Sc16-mpl_7M1_TMESim(1): AIFO_baseinFO_base_TM1_TM3_EOF_pBiC_3dtH(1)_s20p.Sim(1); BInFO_biase LinCir_Sx16-mpt_TM1_TM3.Sir(1):
MagnitudeiS), (48] Magnitude(S). [d5]
o0+ [

For port4 (in
M3), ports 8-14
are NEXT and
ports 22-28 are
FEXT across M2

For port4 (in
M3), ports 1-7
are NEXT and
ports 15-21 are
FEXT within M2

. G Frequenay, [GHE]
3 — A SO, = ASAT = ASI12) A3} S, ASHIL ASHB] m—— ASHB] = ASAT] ASA15]
ASTAZ] 4:20] ASH24L ASH 2] AS{A20] ASJAZT] ASHA28] ASAID, =m0 AS[A 20 ASJZT| mms BSA 1], = BS[4 2]
— B [40]; e BIS[A10F === BiSH, ] = B:5[4,12] B:5{4,13] B:S[4 14 —— BSHE, —— BSH.T] B:SIA15] = == BSH4.16], === B:SM.17}
B:S[4.22] B:S[4.23] Sl4.2 B:S|4.25] B:5}4,26]; 14.27]; [4.28] - B:5}4,20]; BSA2E
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Equivalent Circuit Schematic

Entire
Bus
Max Xtalk
@1GHz [dB] -54 -28.3 -32 -54 -26.5
Max Return Loss .37 17 P P 14

@1GHz [dB]

25"ANNIVERSARY l (: XI L I NX % Simberian
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Crosstalk in 12-Line s24p Mode

Eye diagram (15mA, FFFF,1.2V,110C IO ckt &
S[9,j] of the entire ckt 90C Interconnect)

A:12Lines 12Line+SoC_780_2400 Sim(1):
[dEB]

(= =~ & - P B B £ =B BHE R = B EH o e e () E (2 M B B H EE SO A

=

0.1 1 10
30 Mow 2017, 13:54:52, Simberian Inc. Frequency, [GHz]
—F1AS[8.1] ——F1AS[9.2]: AS[9.3]: AS[9.4]: AS[9.5], —F A:S[9.6]. —F] AS[9.7];
—F1 AS[9.8]; A:S[9.9], —F] A:S[9.10); ———0 A:S[.11]; ——— AS[.12]; A:S[9.13]: AS[9.14];
A:S[915]: === A: S[a 16]; === A:5[9.17]: ==~ A:5[9.18]: A:S[919]; —=—=E] A:S[9.20]: = = =] AS[9.21];
O A'S[8.22]. AS[9,23] AS[a.24].
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HBM?2 JEDEC specification JESD235B

8.8 Overshoot/Undershoot
Table 56 — Overshoot/Undershoot Specification for R[5:0], C[7:0], DQ[127:0], DM[15:0],

DBI[15:0]
Parameter 1.0 Gbps (BOL)|2.0 Gbps (EOL)| Unit | Notes
Maximum peak amplitude allowed for overshoot area 0.35
Maximum peak amplitude allowed for undershoot area 0.35
Maximum overshoot area above VDDQ 0.18
Maximum undershoot area below Vgg 0.18

Maximum Amplitude

Overshoot Area
L. //'
'

Vbpa

Vssq

gl

Undershoot Area
Maximum Amplitude

Time (ns)

Figure 88 — Overshoot, Undershoot Definition
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Noise Margin
— o VS. Dielectric & Cu thickness

Thinner

The signal must clear
these thresholds.

()]
=
S
Q
c
;=
< Cu, um
l_
2 1
4.5 -47 +154 [A=201mV
ILD, um
2.5 +29
A=76mV

Simulation conditions: FFFF3, V=1.2Volt, T=90C, Drive strength 18mA.
Other PVT corners were omitted on purpose to simplify the study.
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Noise Margin figure
vs. Bus Length

Eyes ( Middle section: 2/ /6 mm) Noise Margin

_ Length of the Middle section, mm
2 4 6

Electromagnetic Solutions
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What is important in your model?

 Model accuracy is very important because this is the
model of under-dampened oscillator coupled to other
such oscillators.

— Amplitude is very sensitive to model parameters.

— Example: use of static field solver is incorrect as it assumed
well developed skin effect, which is not the case here. Use
full-wave solver with correct DC asymptotic behavior. If
HFSS, make sure to mesh inside traces (no SIBC !!).

25 ANNIVERSARY 'I!'J'r"' iA XIL' NX @L Simberian
ectromagnetic Solutions
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What is important in your design?

* Conclusions of this work apply to other very short reach wide interfaces on
organic non-silicon substrate, whenever loss is insufficient to dampen LC-
Resistance of 4mm of 2x2um

talk oscillations.
* More loss helps: e
— Higher nominal metal sheet resistance. i
* Thinner metal. E 5
o
5
-50 0 50 100 150

* Higher temperature.
CuX alloy with higher resistance?
Temperature, C

* Less crosstalk helps:
— Thinner dielectric reduces crosstalk within layer (the dominant type) but

increases crosstalk across GND plane.
— Smaller perforation holes reduces crosstalk across GND plane

£ XILINX i £ Simberian

@ informamarkets
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112G PAM4 Single-Ended Channel
in 7-2-7 Package Substrate:

Via Design & Channel Analysis

£ XILINX | g sima

© Copyright 2020 Xilinx



112Gbps 7nm - 37dB Die-to-die Loss

dB(SDD21)

freq, GHz

1E-01
1E-02
1E-03
1E-04

1E-05 \

1E-06 \ /
1607 L1
1E-08 v

1E-09 ‘
-0.2 -0.1 0 0.1 0.2
Sampling Clock Phase (Ul)

PAM-4 BER

Electromagnetic Solutions
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3D geometry of the via

Top view Bottom view
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The best via (BW=61.7GHz)

W“

A (dist) 1000 L8,9
B (void) 480 L2-18
C (dist) 580 L2-L8
D (void) 800 L9

E (void) 900 L10-L16
F (void) 130 L2-L16

& XILINX < Simberian

January 28-30, 2020 . Electromagnetic Solutions T informamarkets
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RL(@28GHz) -29dB, Bandwidth 61.5GHz

Acimp3_Proj{1) PTH(E.23bgaxd) 30ML Acimp3_Proj{1) PTH(E.23bgaxd) 30ML
Matnitude(S), [45] Angle(S), [deq]
]
3¢
2 e ] 150
e
A
5 e
-
- 125
78
e
//#
10
|# 100
P
125 rg 0695
v b
15 7 6 i3
rd
175 -+
s 50
20 7
s
s
225 it 25
/
25 '
/gr o
215 7
79477
Y,
a0 i
P 25
325 w7
A
38 raad 0
LI
P
B R T
PP
T 75
a0 P
L2~
1
425 i -108
i
2
5 7
o
13195 2s
a5 o ¥
ki 2
!
50
] E
! 150
1
525 |
I
5 ! 175
] " I 2 E 0 3 -n s 0 5 50 5 ™ " ] 5 0 I 2 2 n »® W * 0 50 [ i 3
Froquency. [GHz] Froquency. [GHz]
ASB[21]

—— =+ ALY ASRIE ———+ AS[2.2]

The via is 132°, i.e. almost 1/3d wavelength at Nyquist frequency

25“‘AI‘JN!\.’ERSF\RY eV f 7 < Simberian

@ informamarkets
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Via + Channel: comparison of TDR

TDR of the Via TDR of Rx2 Channel (4.4mm)

Aimp3_Proj(1) TOR(PTHE 23bgadx3) RCM_to76GHz.
Z.[Ohm] Aiimp3_Proj(1).TOR(Chan6.23bgalx3_padded). TDR:
2. [Ohm]
50.5
505
50
50
495 M
=+ High trace loss causes
1 —
4
TDR curve slope up.
85
a5 S
8 T
"
s
415
-
#0 a
7 -
5 | A\ b Gaussian Step Parameters rox
S a5 | .
| / | / D Source | Gaussian Step
% t T + 2 Q | I g
Lo “ 7 -‘ 10-90°% Rise T b=l
455 - ! "\ / Rise Times: 0-100%: ~18.75 [ps]; 20-80%: 11.25 [ps]
i i 55 5 | , /
I | ’ ! \ /| \ / Half Rise Delay Time: | B3.2274943260537 | [pg]
i s \ J ! i/ S ] - . _ \ / \ / Gaussian step is convelution of ideal Heaviside step function nith the
i i , BT = T 1 r Gaussian pulse. Spectrum of the step is filtered with Gaussian filter
s | L = Vol with the folowing attenuations:
L \ /
-1Q) 45 \
) 1 \/ \ WAL (5836 | [aH)
Sinies el et ks Sk A i ke s A ek el Hnies St ik iy “ - m—
a5 Make sure that high-frequency harmonics of the step is suffiently
as attenuated at the highest sampling frequency of the madel.
vz om0z 023 o4 uzs oz 0z 0@ 028 03 @3 0% 031 04 0¥ ! ! ! ! ! ! ! ! ! !
Time. [ns] Wz oz oz vz vz w6z nm 0w na
AZLIE ——— AZ[22] Cancel

AZ[1.1] A2[22]

5“‘AI‘JN!\.‘EF‘SF\RY * (A XILI NX % Simberian .
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Via and Tx2 (4.4mm) Channel (Bump to Ball)

<~ Combining the via and
the 4.4mm trace into one

_______________________________________________

A channel reduced BW from
61GHz to 46GHz.

January 28-30, 2020 Flectromagneic Sol © informamarkets
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TV Channel Lengths & Electrical Performance Range

Aimp3_Proj{1) Tl(7835mm) PAMeye: Bimp3_Proj{1) Tx{2.636mm). PAMdeye;
i [B]

Tx & Rx Channel Lenghts

RX4
RX3
RX2
RX1
RX0

TX7
TX6
TX5
TX4
TX3

/
/ /
s // /
. /1 /V

™2 ' /S\ > bdlgi«\;/ j
™1 V4 ari/"/\ ;\ff-ﬁY//’ |
X0 , / H \f\\ \// v
0 2000 4000 6000 8000 10000 12000 l f k ‘*f [ \ V {
AN

25™ANNIVERSARY { (: XI L I NX % Simberian

DES’GNCO 8 _.' January 23—30, 2020 T Electromagnetic Solutions
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Tuning trace length is NOT important as losses are high

0.6mm 3.3mm 4.4mm 5.75mm 8.4mm

Farometer imp3_Proj 21 mp3_Prog 1) 3 3mem) PANMeye: TI2 1] mp3_Proj{ 1) Chan(.2 1bgalx3_4 Amm). PAMAeye: TI2,1] imp3_Proj1).Chan(6.2 1bgadx3_5.75 mm).PAMAeye: TR2,1] imp3_Proj 1).Chonl6.2 Thgadud_BAmml PAMAeye: TRAL  ~
EyeLevel 1107) odceA13 3 43241 006753
Eye Level 10.V) 0157588 s 132088
Eye Level 01 (V) 0155586 015065 756 <175
Eye Level 00 (V) 2 0ass103 o408
Upper Eye Height (1) o oz a2
Meddle Eye Height ()| 0287739 023844 0140645
Lower Eye Height (1) ozzEz oz
Upper Eye Width (U] 0381818 0449657
T o 056004 056408 0.54368 0514856 048031
& Upper Eye Opening Factor | 08130 0828971 aEmTs enae 516378
8| | Weddle Eye Opening Facto opatesy 0TS ) 05283
25 Chandt ) | o, imp_ProsiT) | o PTHE! | PTHIESbga33) |33 Chan(69bgs3c) |1Bs Chan(s Sbga3ed)_padded "R TORPTHE Segals3) | 8 PTHIS 12bgad3) | % Chanit. tbgs3) | 3% TORPTHA 120ga3<d) | ChaeZ |3 g | ED s2p (EE3 TOR |G P 1 PAMARye | 0 PTHIS 2T0gi33) trx

I_Proj{1). Chan(b.?1bgadxd_D bmm) PAMAeye. B imp3_Proj(1).Chan(6.21bgadxd_3 3mm) PAMAeya. Cimp_Proj(1) Chan(6.21 bgaldxl_4.4mm) PAMAya. D imp3_Proj(1) Chan(s 21bgalxd_5 75mm) PAMAeye. E:imp3_Proj(1).Chan(6.21 bgalxd_i Amm) PAMAeye.

0 0001 0802 0003 0004 0005 0006 0007 0008 0003 001 0011 0012 0013 0014 0015 0016 0017 0018 0019 002 0021 002 0023 0024 0025 002 0027 002 0029 003 003 0032 0033 003 0035
Timalnterval. [ns]

AV[21Y BVZI1L cv2IL DMV EV[21):

s . Simberian

| av iy oo ol ) 1.
D‘E_‘_‘) ;‘L‘,‘ JUCUJV L2 13 —— — Electromagnetic Solutions informamarkets
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PAM4 Eye Metrics vs. Channel -3dB BW

Aimp3_Proj(1) Chan(6 21bgadx3_4 4mm) TOR: Bimp3_Proj(1) Chan(§ 21bgadx3_3 3mm) PAMAeye: Cimp3_Proj(1) Chan(6 21 bgadx3_0 6mm) PAMAeye:
Diimp3_Proj{1).Chan(5.21bga3x3_5.75mm) PAMAeye: Eimp3_Proj(1).Chan(6 21 bgadx3_8.4mm) PAMAeye:

Magnitude(S). [dB]

’ | Length [mm] 0.6 V 33 \ 4.4 5.75 8.4

: BW 345 [GH2] 60 50.6 46.4 38.2 24

’ Top Eye OF 0.81 0.85 0.79 0.69 0.52
Mid Eye OF 0.84 \ 0.84 I 0.78 0.70 0.53

Bot Eye OF 0.81 0.84 / 0.78 0.70 0.54

" [1).Chan(6.21bga3x3_4. PAMA [21] | imp3_Proj(1).Chan(6.21bga3x3_5.75mm).PAM4eye: T[2,1] | imp3_Proj(1).Chan(6.21bga3x3_8.4mm).PAM4eye: T[2,1]
] 5 10 15 20 25 n 35 10 45 50 55 0 65 7 AR WTES
Frequency. [GHz] 0.146411 0.132938
eyeLeveru v T L B[z CSIE L RS ES[21E Ut v -0.147956 -0.134785
Eye Level 00 (V) -0.508209 -0.468679 -0.455103 -043759 -0.407995
Upper Eye Height (V) 0.274522 0.263917 0.23704 0.201715 0.142414
Middle Eye Height (V) 0.287739 0.263611 0.236434 0.205923 0140645
Lower Eye Height (V) 0.272827 0.264222 0.237645 0.202316 0.147722
Upper Eye Width (Ul) 0.581818 0.559202 0.537916 0.514836 0.449667
Middle Eye Width (U} 0.710865 0.668293 0.641685 0.613304 0.526386
Lower Eye Width (Ul) 0.580044 0.56408 0.543681 0.514836 0.46031
pper Eye Opening Factor | 0.813023 R 0.787915 Y 0.516378
Middle Eye Opening Factor | 0.844001 0.841853 0.776546 0.699546 0.5253
iog Eacigr 0202175 Dw Q720670 0 W‘ﬂ 0 WT

5“‘AI‘JN!\.‘EF‘SF\RY * (v XILINX / . Simberian
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- —-‘77-35 .ﬁiln T;}j .

Validation of Characteristic
Impedance on Package
Substrate with Micro-probing
and Measurements

£ XILINX [l & simb

Ly Elect
© Copyright 2020 Xilinx



Comparison between HFSS model and 2-port
Measurement from bump side with Open BGA

In regard to impedance:

The package model Zdd is right on target at ~97Q but the actual package is at ~84Q, or 13Q below target
impedance. Possibly the actual trace is wider or/and the dielectric layers are thinner than modeled. Cross
sectioning can answer this.

u— S — "' 60 T :: @ de--1zu
MTMW%Q 1y G756 :!‘ i Lis
o Model = thin curves b i /\j;
.1 \~"Measured - thick curves "1 i ™
~ " st ‘ : T
a0t \ 408 |1 MOd’?I\ ’)[ \ Jf
501 = A =) 100
DAV R e e ' e
-40 1+ \E a i A i 475 RRE > - i T95
RS /HUH\X/ 200ps | ;
| 03 5T Me v A T90
-50 1/ U N IViedS | \\ |
V }\/[/ 102 g25 4 — o e i _\J'_ 84—(.2 85

In regard to loss: u.:15 0.11 u.:5 ufz u_gs u_la u.I35 0.14 _u_Ls
Model underestimates the loss. This is seen from AZ[1,INZmm[D1,D1] - ———

B:Z[1,1Mmm[D1,D1] ———;
1) lower passivity and 2) TDR curves slope is lower for the
model.

A:Z[2,2Zmm[C1,C1]
B:Z[2,2\Zmm[C1.C1]

' Simberian

Jdinudry £0—ou, cucv ER—— Electromagnetic Solutions () informamarkets
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Subsequent landing of uProbe reduces Z
perceived with TDR

High Contact resistance of SOP (Solder-On-Pad) exaggerates TDR reading
up to several Ohms.

£ [ommy

Take4 | Takel ¢/ ! -
Bk ~ 1 | ;
n L :
L —— -'—---\ Ir | -
\ | wE )
| i Take4
~ .5' .'I'”
Takel '\ I
take 1 take 2 take 3 take 4 max-min |
102.81 102.01 97.95 95.78  ~—_ ¥ 70 c
1 o

25™ANNIVERSARY { (: XI L I NX % Simberian
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FA Lab: preparation of the Substrate sample

30.502um

e | swoce |

n
)
]
n
=
]
=
-

ol sl

CINCRC MR TR TR T n

wriigg o (€

25"‘ANN VERSARY ‘ l I [ l

DESIGNC Simberian
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Cross-Sectioning of Substrate and SEM Image

l

Hnnuninenn nee

1
1
1
1
-
L
r
-+
-
1
I
P
1
I
L
H
T

Iy

Vinl: 14145um
in0: 10980um

MM NE M n

14

RNITIX wrgoT

Cross section
plane

610Z/%/1

lfg,-c- 25' nNrnEr;g.APw "y ‘ i‘_ XILINX % Simberian
| {)Fw 2020

- [ 2020 \ Jan uary 28-30, 2020 —— ElectromagnetiesS@@jons
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TDR of All Three Channels: PKG+PCB

Vin2: 10231um
Vin0: 10980um
Vinl: 14145um

Mixed-Mode (DF)

|
by
; .
I 70Q
> A Zmm{01,01] o A ZmamfC1,C1] ‘EZmIIID\.D]- - B ZmenfCl 1] i C-Zmenf01,D1] + C.ZmmiC1,C1]

& XILINX < Simberian

R g Electromagnetic Solutions )i informamarkets
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Measurement Bandwidth:
TRD impedance readings are within 1.5Q for
20ps and 60ps edges - yet details are lost

25, edCal
nnnnn

Z,,~850

Trise=60F>S

»
»

y

ZddrBaq T - Zdd~85

e
R Y

Time. se]
— AZ[1IMmm[D1,D1] - === = AZ[22\Zmm[C1,C1]
v - -
& XILINX < Simberian — |
R g Electromagnetic Solutions )i informamarkets
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lent Technologies f Dca-x 861000

P Tekironds _ | ¥
= e i i W Rmiiop g Trig | T0R = pogMiode [dewrage = | M00Hr - ==
WRZ - Ampieede - EEe | 3il) O LE | IE| 4+ # Q f oOf iklre AR OE A

20GHz TDR

=

B

ChAV :

" ? _X.._

Dlﬂ _-' — T TR — —IL

Knee is 5Q below the 50% point FAB reads

755081 5X0
A

Waselomm Mexsurement il
W 50050 1 Wean Al 3 bl A)

"

25™ANNIVERSARY

ou @ £ Simberian
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Uncertainty of TDR reading midtrace
associated with the trace length

Which 50% point should be selected: in a shorter or longer trace?

* Readingin midtrace for shorter and longer traces results into two different values, one higher than
50
%o

in2_225_definedCal_resmplitit_20ps; B:Deci9.adc_vini_225_definedCal_resmpifft_20ps,

Zdd@50 .
%

& XILINX %t:x Simberian

R g Electromagnetic Solutions )i informamarkets
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SEM Measurements of a Diff Pair on M3 VS. Model

| Model Corners: High and Low Zdd
Axsection_HB.DFsL 3DTF; B:FAed_HB.DFsL.3DTF:
mm), [Ohm] ot avg(wp+wn) avg(hp+hn) avg(dtop) avg(dbot)
| 25.40 18.85 25.85  28.80
\ 24.10 17.10 2355 27.70

PN THRGET
= T 97 s [basad on Noacior)
— . _C)_

1025 T \
100 T

e ACTUAL

4 _HB HB, l_20ps: B:FAed_HB HB_jig.ifft_20ps: 2. o]
[I‘l ‘ ‘ e II‘ll ‘ e ‘HII[I*—“— /X::::::;g::>;7 1025
——= AMode[l], Pattern[+ B:Mode[1], PanEm[F:wa /;9/ i
it ¢ LK LG S, - i Lo
- i
?)QP;Z/)Z % 875
X ! '
1
. f§-10.50 I
XILINX  1/4/2019 \E i 925
10.0kV \ J
gl( /./'_')( 90
l P
a4 y*r
Model adjusted to match FA X-section gives Zdd~86-87Q i
This is very close to measured 83-84Q (off by only 3Q) » ‘ Y e

& XILINX < Simberian

January 28—30, 2020 Car—— ElectromagnetissS@jfions ‘niima markets
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The inductive blip is caused by the DUT — not
by asymmetry of DeEmbedding

Rotated 180° Skew-matching U-turn adds a 5Q inductive blip on TDR.
SO that p' and A:Dec19.adc_vin2_225_unknwnCal_resmpl.ifft_20ps;
B:Decl19.adc_vin2_225_flippedPorts_resampled.ifft_20ps;
Z.[ohm]
Ports switch places: ”
2l 162

——

LA
SN el
Al N\ N

15 T |

v

1\

251 N

AZ[10; AZ[2.21; B:Z[1,17; B:7[2,21;

25™ANNIVERSARY j { (: XI L I NX % Simberian
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M Lack of TDR Calibration to Probe tips

B Low TDR Bandwidth / Resolution

B Wrong readout point on TDR

B Content with having CDs within their range

25"ANNIVERSARY l fv XILINX / % Simberian

Electromagnetic Solutions Q) informamarkets

DESIGNCONEEED "37  January 28-30, 2020
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Bump-end DD TDR of channel adc_vin2_225:
PKG-on-PCB vs. PKG-alone

I\/leed I\/Iode (DF) Vlew

I 60
e TDR of PKG-on-PCB is consistent with that of

D F PKG-alone.

1. Length match / align between the two.

2. Trace Zdd match within 2.5Q.

3. @BGA Ball impedance 70Q of PKG-on-PCB
is much lower due to PCB capacitive launch
(both are with 20ps edge).

; 1ied vog @"N"a“d

aA3s|Ing®@ N3IdO

(. X"_lNX ét} Simberian

January 28-30, 2020 | PROGRAMMABLE.- Electromagnetic Solutions j informamarkets
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DAC Vout2 230: DeEmbed vs. Raw

Curve is the de-embedded RL
Curve is the raw RL

230 BGApZp1(PN] BEp3 4"
MPT!

_,p_

p

4 '1|‘F|1
|. : :[.”1 out2_230_4portHybSOLT_B pdN_ICon_s2p"

| | I I I I I I I I | I
0 1.25 2.5 3.75 5 6.25 75 B.75 10 1125 125 1375
Frequency. [GHz]

A-QmmITi2 N11 -RARM 11 #— — — = Qa1 M —

asvversiny VAPV & XILINX s Simberian

DES!G'VCON - i j January 28-30, 2020 ALL PROGRAMMABLE- Electromagnetic Solutions " informamarkets
MELT S © Copyright, 2020 Xilinx




GL102 Material Property Identification
with a Test Vehicle

& XILINX

© Copyright 2020 Xilinx



Signal Launch

=P2

716
9184861 42811

4 (5]

25"ANNIV (: XILINX s Simberian

(
DesicnConN'Ezm 7 January 28-30, 2020 |t informamariet
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Raw measurements of 46mm & 30mm
striplines on L6

A;.Jullﬂ_GU I]2,Suh1_tl:lp_lnng_4Emm_LE_52p,Si_m(l): O bS e rvat i O n S :

B:Jul18_GL102.Sub1_top_short_30mm_L6_s2p.Sim(1);

Magnitude(S). [dB]

T ——— — Very clean Insertion Loss all
the way to 42.5GHz;

9%3 2" gv* & (A AR | 5 LA P GRS n’,‘ i Ve ry IOW Return LOSS -
] ?“ u" SR g ' "' N '-1!_ £ o . . 1
\ A implying perfectly designed u-

*%E%;*

-20 T

-30 T

40T

-50 1 ’ 1 =

| | probe launches.
60 1 | |

o il

_r; ﬁ] 1'5 zlu 25 3'0 3'5 4ﬁ
09 Aug 2018, 13:36:09, Simberian Inc. Frequency. [GHz]

—F AS[L1]: AS[1.2]; =—t AS[2.1]: AS[2.2]; =———=i) B:S[1.1]:
B:S[1,2]; —= B:S[2.1]; B:5S[2.2];

DesIGNCONEs Lo £ XILINX & €\ simberian

Y P ey - Electromagnetic Sol @)informamarkers
WHERE THE CHIP MEETS HEH YARD J

© Copyrlght 2020 Xilinx | 101



TDR —to verify clean launches

AcJul18_GL102.Sub1_top_short_30mm_L6_s2p.Sim{2); O bs e rvat i O n S :

B:Jul18_GL102.Subl1_top_long_46mm_L6_s2p.Sim(2);

AN Lunches on both long (46mm)
\ .

K = and short (30mm) lines are
53 T ﬂ,—/& \“‘-——...__ . .

/1 =——| within 1.5Q of each other and
/;,/ within 2Q of the 50Q target.
Y
48 T /

25 AI‘JN!\.EF‘SF\RY * (v XILINX / %Slmbenan

Electromagnetic Sol Q)j informamarkets

DesicnCoN "3 January 28-30, 2020 hemiidbettid
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IL (left axis) & Phase Delay (right axis) model (blue)

fit to GMS-de-embedded data (purple) of 16mm line

AzJull8_GL102.GMS Simulation(1); B:Jul18_GL102.sL_LinCkt_3DTF.Sim(1):

Magnitude(S). [dB]

Phase Delay. [ns]

TO0.14
1
1
-0.5 T1 1
i b\\ 0135
L _,l:‘ TO0.13
N -_[] T0.125
Sl\n To012
2T G\s
& T0.115
551 <
25T
i E\E , TO01
31 Eh-h@ %‘ﬁ% T 0.105
s 3—-@4}_-@.3——@-}--@--@1@--&%
5 10 15 20 25 30 i o

09 Aug 2018, 13:48:12. Simberian Inc.

Frequency. [GHz]

——) ACSMIN2 (M1).In1(M1)] O = = = m——r] B:Sm[In2(M1).In1(M1)] = ===

5“‘AI‘JN!\«'EF‘SF\RY

DesicnCON

WHERE THE CHIP ME ET‘- "HE BOARD

January 28-30, 2020

AJulld_GL102.GMS_Simulation(1): B:Jul18_GL102.sL_LinCkt_3DTF.Sim(1):

Magnitude(S). [dB]

Phase Delay. [ns]

E%— ﬂg\ +0.14
1
\ “
,']75 - 1 4
\ 0135
q LY
1
1 136 < 1
-1 013
vt y
AR n
A\ \
LS T 0125
A5+ =
LR \
N 1012
_2 - \\ .. ’
LN
Ty
TR ey TO11S
b 2551 ¢
25+ 0
\N’E&E %5 3 \ T 0.11
37 e
g T 0.105
g "@-..__,__-_-x
0.1 1 10
09 Aug 2018, 13:47:45, Simberian I, Frequency, [GHz]
——— ASm[In2(M1).In1(M1)] T—— — = ———F] B:Sm[In2(M1).In1{M1)] T———=:

Electromagnetic Solutions

> 4 X|L|NX 7 ét) Simberian
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Summary of Findings
_ |units |Datasheet  [IDedNOW |

Copper Relative

Material

Conductor  Appearance

Hame:
Resistivity

@Relative: | 1.

(O Absolute:

Loss Model Type: | physical

Drude Relax. Fra: | 0.
[Chm*metre]
Relative resistivity at 20°C: Cu 1; Al 1.54; Au 1.415; Ag 0.952; Ni 2-40

[Hz]

Temperature Cosffident: | 4,e-3 [1/%]

Temperature coefficent (1/°C); Cu 0.004; Al 0.0043; Ag 0.0037; Au 0.0038;
Roughness Model Type: | HurayBracken

[., 1000.]

Roughness Factor (RF1): |4.25 [1., 1000.]

1-8all Model Add Edit Additional Levels Balls

Surface Roughness (SR1): |0.22 [micrometre]

Metal Permeability Model Type: [

Relative Permeability
1

Cancel

. 1. 1.

Resistance (RR) 0 0
Dk ) -- 3.2 3.45
Df 4) -- 4.9e-3 4.9e-3
Surface Roughness 3 um Unavailable (0.25-0.3) 1) 0.22 /
Roughness Factor 3 - Unavailable 4.25

Caveats:

1. Based oninfo from the vendor: “For the roughening treatment of the buildup metal layers, vendor cannot

that they use. They will, however, target the Ra = 0.25 — 0.30um that you require.”

2. Trace cross section is assumed to be as drawn: 23um x 15um.
3. Surface Roughness Model: Hurray-Bracken
4. At 10GHz, Wideband-Debye model.

25™ANNIVERSARY
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Crosstalk in BGA Breakout on PCB:
When is necessary to back drill?

How much does it help?

& XILINX | g Simb

© Copg I- Xilinx



The three compared cases

Traces are here

N AW

25 AI‘JNI\.ERSF\RY 'I!'\-:'r""r iA XIL'NX % Slmberlan
HL'ARD p ’ i i1y
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4:1 S/G PSXT by Column within 5x5 via array at BGA edge

Legend
Breakout layer map

s4
Port map of trace ends
B3 [ 2 | x [ 27 [ 28 | x | X [ 30 T x [ x [ 33 ] x [ 35 [ 3 [ x | 3
4 | 2 [ o [ x [ 25 [ 26 | x | 20 | x [ 3 | 3 | x | 3 | 39 | a | 37 | «x
AProj(1).4-to-1_5x5.Sim(1); AProj(1).4-10-1_5x5.Sim(1): AProj(1).4-to-1_5x5 Sim(1); APE50(1).4-5-1_5x5 Si3(1); AProj(1).4-to-1_5x5.Sim(1);
PSXT. [dB] PSXT, [dB] PSXT. [dB] PSXT. [dB] PSXT. [dB]
of of of of of
. | |
=2 = | | 5|
s 1 =
e o L~ Pl
-10 1+ /‘ -10 1 -10 1+ v -10 1 -10 1+
14881 o / /’( /K
A5+ . s+ 15+ -5+ 1734 o 15+ 1716
)/ /f f‘i* |
¥ e ya ol
-20 + 201 -20 + # 201+ F -20 + - .
23.91 . > P
/.)” f b 5( '*/ /'/ i( *
25 1 - 5t / - -25 + P 25+ - 25 1 .
4 EPle f
ya
-30 + -30 + f 30 T—— 3'/ -30 T / ‘,ﬁ( 30 T—F—F
] 7 7
; 7 j / iy
! 7 7!
-3 T 35T -3 T ' d =35 T -3 T ¥
¢ I 1]
_ap L 0+ _a0+ T ¥y _ag L+ L
40 40 40 40 % 40 '*
-45 + a5+ -45 T -45 T 1{f -45 zf
¥
L e e e e e — ——— L e B B S e e e S L e
125 25 375 5 625 75 875 10 1.25 25 3.7% 5 625 75 87% 10 125 25 375 5 625 75 875 10 125 25 375 5 625 75 875 10 125 25 375 5 625 75 875 10
12 Jun 2018, 18:31:53, Simberian Inc. Frequency. [GHz] 12.un 2018, 12:30.45, Simberian Inc. Frequency, [GHz] 12Jun 2018, 17:4308, Simberian Inc. Frequency. [GHz] 12.un 2018, 17:43 30, Simberian Inc. Frequency. [GHz] 12Jun 2018, 17:4410, Simberian Inc. Frequency. [GHz]
—t AS[1]: AS[B.5]: AS[6.6]: =% AS[10.10]: AS[2.2]: AS[72.71: " =¥ AS[3.3]: AS[12.12]; ——— AS[4,4]: A:S[8.8];
—# AS[13,13]; - —— —% AS[1717]; —t ACS[14.14]; ——t AS[18.18]; — AS[11,11]; AS[19.19]: ——k AS[15,15]; =—— —¥ A:S[20,20]; ————k A:S[9,9] AS[16,16];
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4:1S/G PSXT:
TopEscape vs. BackDrilled vs. BotEscape

AProj(1) 4-to-1_5x5_TopEsc.Sim(1): B:Proj(1).4-to-1_5x5_BkDrill Sim(1); C:Proj(1).4t0-1_5x5_BotEsc.Sim(1);

* Bottom Escape: The highest coupling from ==
Inductive loops.
*  TopEscape (w/o backdrilling) deteriorates K —
above 3.2GHz and by 7GHz becomes as bad Pl
as BotEscape a P
— Stubs in BotEscape couple capacitively 5 Bottom) Escape //B/ 748 _—"
and contribute to crosstalk progressively s ’;;)/E / v -
more at higher frequencies, above 20 )ﬂé Esca
3.2GHz. By 7GHz, PSXT catches up to 225 -~
Bottom Escape. Thus, the capacitive 2 // :%W/ BackDrilled
coupling completely offsets the benefit 275 / /
of escaping on top layers — if without v / /j
backdrilling. At above 7GHz, backdrilling s J
is by far the best option. " T T

13 Jun 2018, 13:48:35, Simberian Inc. Frequency, [GHz]
——k A:S[11,11]; ——€ B:S[11.11]; ——F] C:S[11.11%

> 4 X|L|NX @ #. Simberian
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DES’GNC&WH% \ * January 28-30, 2020

WHERE THE CHIP MEETS THE BOARD




Guard Rail between

Differential Pairs:

Does it help? How much
space does it save?

EXILINX | @ Sirma

© Copyright 2020 Xilinx



PSXT vs. inter-pair gap

PENEXT. [dE]
10

1

Jnter-pair gap,.| Inter-pair |
aggresso  victim dggresso

-

I
r
The gap is increased from 514, |* crosstalk MFOSSta”(/
1
to 614, to 714, to 814um. |
{m
—k i | & I t .
I e e e nter-pair gap [um
f S20E» % ; \\ g LY ,' \-\ - § ™ 4 ® 154
‘i /"'\ 1. € o~y S e L :‘( . S
: ¢ N ‘nl. Jlr"f hY J'fr i [/ A F’)"’ \ ’ W | ) 514 614 714 814
J.; A I'|." ‘-f}f"‘\\\“lf‘;‘r # \1‘.“.(1' ("'\ NET e Y ;1
if £ S VN ey A A ho o LYLE )
TARN VRIS NP N e A N Max PSXT
& L Yy AR -
i ‘Ll“:,‘;'J: \.l‘::’ \\.\"r; ki ‘\rr:." \\' II, \‘tu;’ " dB ‘45.14 '5206 ‘58.59 '6511
] ‘1“ 'lr‘l .‘Har \ / kY N \ / A " [ ]
115': ‘1Ir \r | .
i i ‘ L
i
L
| I-
- o . . - + - - ‘ - - - 190
1 2 ¥ 4 5 B 7 L] ] n mn |!

i 03] O = = B Sl B3] 4= == € Smn{DI0I] = = = O Sm(030 === qmw‘“ul ThUS, every additional 100um Of inter'pair gap
reduces PSXT by about 6.5dB.

asvversiny VAPV & XILINX s Simberian
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Differential IL, RL, NEXT, FEXT and PSXT of only traces — not
including vias.

Circuit model with 23mm of extracted 3-pairs

P3s3 55

et FEXT Bhp-—Eoe

07 ¢ ; Mg o1
APES I i
Farts 1. 7 % Ps3 FS5 Fors 3, 4
Bundle[?] Ta 2: Bundle[2] Ta 2:
P34 TL . PSE
[ex] A 1od Jof]
i

02

V|Ct| 101 ( ) 101 o o
; ' { 3 . st ! : Sessi0n
- ; | ) 1 .
@ 55 m Portsb, B PS54 Forts 7.8
e W \i o Bundle[2] T 2 Bundle]?] To 2 e
) 31
| > Ps2 P
58 T o5 A i (a]3)
i » -
ol s el 101
4 40 W -- o
T ’ : Wieg oy
At TR2I01% Ports 11,12

il /\/_\ﬁ/\_/—\ :: B SEnzdle[Z]TD 2 Eﬂum[a Toz ottt
/0 FEXT *) PSXT is 3dB higher than NEXT from each of 2

e ""L.‘:"::.,m.'ﬁzg;] j:_gmggg,gﬂ ASmm{D3 D3] - Asmmzpg nelgh bor aggressor traces — as |t Shou Id be-

5“‘AI‘JNuEP‘-‘F\RY * fv XI LI NX % Simberian

DES’GNC \ ) Jan uary 28-30, 2020 e = Electromagnetic Solutions informamarkets
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Insertion of (ideal) GND rail between differential pairs reduces
Xtalk by about 6.7dB. This is comparable to adding 100um gap.

[dB]
!

514u

< 250u, 250u , [_: | —H-

M [ m |
t -55.
-bb
I - —— —
-60 4 LY =
14u i L LT AT :
-65 St =
o= wl
m ol L Y e e el
Pt -
asif L A
wltd
Inserted 1 2 3 8 9 10 mn 12 13
24Jen 2018, 2057.37, Simbesanlhc. . Frequency. [GHz]
A:Smm[D3,D1]; = A [ i} m[D3,03] [l 4] mml 1
=== B:Smm[D3.D2]- B-Smmll 1 m[D3.D4]

Ideal

GND
25 AI‘JN!\.EF‘SF\RY * (v XILINX / % Slmberlan
. L Electromagnetic Sol
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RCM use for Multi-scale
time-domain PDN simulation

£ XILINX

© Copyright 2020 Xilinx
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Vccint Voltage droop IS captured accurately but the slow 35uSec
oscillation IS NOT - when only sNp models are used for both PKG
PDN and OPD.

DDDDD

200 — R PR R F N N
o a0 100 180 200 250 300 350 400 450 500

time, nsec
5E-2
- PKG Model OPD model
= S-parameter S-parameter
1E-2—
= Equivalent ckt Equivalent ckt

Impedance, Z(1,1)

DesiGnCon o1 2020 @ { & XILINX / %Slmbenan

Electromagnetic Sol Q) informamarkets
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VCC first droop and long-term transient

Long-term OSC|IIat|ons
. due to PCB decoupling —

Z11 is fitted with Rational-Compact Model (RCM). fg\x qoir<
$3e0d 0 —

Resampled RCM, shown in blue, matches original Z11. RCM o [ | \QQE“ | S

is used to synthesize V(t) with Recursive Convolution. - R

W 30kHz
smu\ II | | I

]

004 T

I I
50000 62500  7S000 8700 100000 112500 125000 13700 150000
Time, [ns]

A:Proj(2).AVCC.step; B:Proj(2). AYCC_resampled.Simulation(1): . ’mm,f N 125””‘ 37500

Magnitude(Z). [Ohm]

l(t) | / f 15'2'7 i F i rSt D roo p Proj(2) AW step:

—_— 015 T Vb I
Proj(2) AVCC step: B IZ]
" / ﬁ D h
T RELR \ I

/ 174MHz ||
0T oo+ | [ |
asl T \ 001445 < 1
- N A
078 . 0.05411 < # l% i 001951 <
a1 0-05 1 %kH_AP—ﬁL:' 002 0 Mzu -U\zéﬁgﬁﬁ
. 00251 e e A R / e -25mVY 201 386004

; i ; i 1e:07 TN 003 T

] 10 20 30 1 003485
05 Hlov 2018, 1900:38, Smmbesin Inc. Time. [ns] 0

— V1L

1e-08  1e-08 1e-07 1e-06  1e-05 00001 0001 0.01 01 1 617403 '35mv
05 Nov 2018, 18:35:56, Simberian Inc. Frequency, [GHz]
—k] AZ[11]: B:Z[1.1]; DM T

10
08 Mow 2018, 18:29:19, Simberian |nc
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Efficiency of OPD caps on VCC power rail

A:Proj(2) AVCC_with2-OPDs.step; B:Proj(2). AVCC_with1-OPD.step; C:Proj(2). AVCC_withoutOPD . step;

V.M

N\
i

FEAVIEVIAN

—
E

—t—T &

With 2 OPD caps

Linear time scale

' ' ' '
o 50 100 150

With 1 OPD cap

200 250 300
Time. [ns]
AV[LAT: BV[1L CV[1AL .
A:Proj(2) AYCC_with2-OPDs.step; B:Proj(2).AVCC_with1-OPD.step; C:Proj(2).AYCC_withoutOPD, sy W | t h ou t O P D
V.V
02t / \ ///
o1 ﬂ/ - /

\

| \/‘/ Log tlme scale

10

Time. [ns]

AV[LIL

25™ANNIVERSARY
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Number of OPD caps First Droop
[mV]

-25
-39
-280
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In Search of Fundamental Limits on PCB
Interconnects

Equations and solutions
Accuracy
Predictability

25 AI‘JNI\« ERSARY
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DES’GNC ‘ e S @ informamarkets
Hi_'ARD 5




What are the limits on
electrical signal data rates?

. . . P. J. Pupalaikis, Xi Chen, S. Chandrasekhar, S. Randel, G. Raybon, A.
212-Gb/s 2:1 multiplexing selector realized Adamiecki, P. Winzer, The Fastest PAM-4 Signal Ever Generated,

in INP DHBT Electronic Letters, Dec. 2018, Nokia Bell Labs DesignCon 2017 (Teledyne LeCroy + Nokia Bell Labs)
190 Gbps NRZ and 390 Gbps PAM4 signals generated,

transmitted through 6 inch of coaxial cable(?) and
measured

A. Konczykowska, F. Jorge, M. Riet, V. Nodjiadjim,
B. Duval, H. Mardovan, J. M. Estaran, A. Adamiecki,
G. Raybon, J.-Y. Dupuy

DCsupplies and controls

At what distance we can transmit such

Dy;: 1% & 2™ input data signals?

Clk: Clock
Q: output
Q,: complementary output

DB: Data Buffer
CB: Clock Buffer
GC: Gilbert cell
OB: Output Buffer

106 Gb/s 212 Gb/s
(a) (b)

Fig. 3 Measured 106-Gb/s inpur (a) and 212-Gb/s output (b) signals
(a) 100mV/div, Sps/div, (b) 100mVidiv, 2ps/div

DC supplies and controls

Hint: It is defined by interconnects...

Fig. 1 SEL chip microphotograph.
r 25™ANNIVERSARY
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Waveguiding technologies

Microwaves — THz - Optics C. Yeh, F. I. Shimabukuro, The Essence of Dielectric
- Waveguides, Springer, 2009

uide Subwavelength
Plasmon Guide

R s T

i Metamaterial

U - S 10f
1 Microstrip Line and Printed Circuit Line + LowLoss Optical = E
' | Fiber and Photonic =) 0 F
‘ 1 W, d = L
: ' avequide Z g
| S — 9 r
! ; =
! Dielectric Waveguide 5: 3
! 1 z
o TETEes ! = 01
i Hollow Metallic Waveguide : E
: 3 001 570 T
| —————————— e ! 0 100 000
i Coaxial Cable i
; : FREQUENCY (GHz)
3““"““;];;;-“,;;; ---------- i Figure 11.7. Typical performance comparison between several conventional waveguide
! structures and the high dielectric constant (Si) ribbon waveguide for the frequency range
| 1 from 30 GHz to 3 THz. Note that the waveguide losses of typical conventional waveguides
DL AC  1KHz 1 MHz 1GHz 1THz X ° N X i R X <
Freq. 10° 10° 104 100 100 10'° 0% 0% 10 10 can be as much as 100 times larger than those of the ribbon waveguide in this spectrum [15]
(Ha) | )
Wiavelength, i m em mm submm pm nm
Designation VLF LF MF HF VHF UHF cm mm THz i eray

Maxwell’s equations and transmission line theory is
applicable to all those waveguides up to x-ray
frequencies!

Figure 1.1. Spectral regions for various waveguides

WHERE THF. CAYY \JEEFS TH- LCOARD Electromagnetic Solutions
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Fundamental limits on TEM interconnects

z,(f) l L Jl. z,(f)
T-line limits are defined b _ .
et seseray o O 20 a8
0B
1) Attenuation ZT/Dlsperswn “ dw
[]
a +l L 3) Single-mode propagation
Signal: V —V [ 'B ] ) Sing propag N
out in \ V%kl
a(f)sz(Zf)+G(f2)'Z° out -
l/ for PPW dielectric

K. (f)-Rs(f) conductor

Ry=\zf-u-p The limits on quasi-TEM mode

25™ANNIVERSARY
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Example of fundamental limits on attenuation
in single mode parallel-plate waveguide (PPW)

A:PPW(B0) PPW_Tm Simulation (1 ): B:PPAW(1 20 PPW_1m Sirmulation(1); C:PPWI{250] PP _1m Sirulation(1):
Magnitude(s), [dE]

_1 K Attenuation in dB/m without reflection (GMS-parameters)

: PPW =13925 I £ =20 CH
,\ ‘S\:; ] I"I"\V,// 1.225mm, d=w, TCUtori=oUa Rz
? ] R 73.707<““-w1€_
4 4.0"33: =X R PPW, w=0.883mm, d=W, fcutoff=120GH7
& 40m ¢
\ &_\BL

g 7]
\\ 9 i 974 ¢

5
\;ﬁ\ 2
7 W \
| | \—?SE?(
s | | cthaa~ [ 4
FIVIC B4

™ /| \"\ PPW.-wW=0.424mm--d=w.fcutoff=250-GHz

3 d \545( LB v, \v 7 a— W, cuto <
L~
RE

Dk=2, LT=2e-4
* Ro=1.724e:8 Ohm*m ]

Zo = ~265 Ohm ~—_
Simulated with Simbeor 3DTF solver s S
~x

10 20 30 40 50 B0 70 a0 a0 100 110 120 130 140 150 160 17 1a0 180 200 210 220 230 240 280
17 May 2013, 13:57:15, Simberian Inc.

——— S 2M T ]): ——) B:Srall 1Lt (] —— CSmlln2 1Ll 1)L
DEC’C. v.er_'a i j ' ] B - Ly 2M1] (aﬁ‘ﬂﬁgn %Esngwnnenan \()j informamarkets
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Coaxial waveguide (ancestor of planar interconnects)

D 1 m segment: Attenuation Dispersion
A:Coartttenuation coax 3884 G].Simulation(1]; B: Coandttenuation. coan(30aM/G) Simulation(1); C:Coanattenuation. coax(2680/G). Simulation(1): & Coardttenuation. coax(368WG] Simulation1); B:Coardttenuation coa208WG | Simulation(1): C:Coaxittenuation.coa288M/G). S imulation(1]:
D:Coandittenuation. coas{ 20/ G) Simulation(1 ) D:Coaréttenuation coar{208%/G ) Simulation(1):
‘ Magﬁude[ﬁ], 8] Group Delay, [rs]
=0.818 mm (AWG20) Ny
e ¢ i ’ d=0.127 mm (AWG36), fcutoff=247 GH .
d T D=2.678, foutaff=38 GHz V4 ( oy a1
5 E, . = =2
\ x| :;s:’ss“‘—%—ﬁe'd:O 405 mm (AWG26 \ gHO.ZSS mm (AWG30), fcutoff=124 48
Dk=2, LT=2e-4 N 3% | D=1.325, feutoff=78 GHz d=0.405 mm (AWG26), fcutoff=78
Ro=1.724e-8 Ohm*m TER—b GHz
20=50 Ohm EN — d=0.818 mm (AWG20), fcutoff=38 GHz -«
Single-mode limit is v 7477% d=0.255 mm (AWG30), .
defined by mode TE11: BN, 721D==0.85 6, feutoff=124 . Not much
2c \\@-IZ N . d e
a4
Seuorp ~ ldiD\ e d=0.127 mm (AWG36), =~ b i _ .. variations - good
25 ~ T
7(d+D)e D=0.416, fcutoff=247 GHz Ny A .
i “_E“-—::::_;::::_-:g:: _____ 475
~ i | s e oo o s el
125 Fli] 375 50 625 75 875 00 125 125 135 150 0.0 01 1 10 100
10Jan 2013, 13:50:00, Simberian Inc. Frequency, [GHz]  10.Jan 2019, 1413:52. Simberian Inc Frequency, [GHz]
—— A:5]2,1); =5 B:5[21]; = C5[21]) =8 D:5[21] H5[21] F= = = B:5[21] O— = = C:5[2,1] ¥= = = D:5[21] O—— =

K, (f)R, (1 1)

o~ — —+—
“ Ju/e-n(D/d) \d D

o, =xf-tand-/eu

Mostly conductor losses — almost as good as it gets for waveguides with DC
The upper frequency is limited by cutoff of the first high-order mode
Though, integration is poor - requires connectors (not scalable, reliability, cost)...

Electromagnetic Solutions
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PPW vs. Coaxial: Att. in dB/m

A:Coanéttenuation. coar[3BAWE ). Simulation(1); B:Coaxdttenuation. coax( 308w 5). S imulation(1]; C:Coaxdttenuation. coax 268416 ] Simulation(1); D:PPW(80].PPWw_Tm. Simulation(1); E:PPWI[120].PPWw_Tm. Simulation(1); F:PPWw (2500 PFw_Tm.Simulation(1);
MagnitudelS). [dB]

P23 PPW, w=1 325mm, d:W,
sl _
\& 1 :———e‘lﬂﬁ:___gg/ fcut?ff—s OGHZ  pp\ w=0.883mm, d=w,
5 6195 £ 574
NS T 0 T feuroff=1206Hz
Nl T TR __ PPW, w=0.424mm, d=w,
10 ey & -mn ] < fcutoff=250 GHz
J238) * ﬁ\ﬁ\@gj‘_ \\\H““—*_____*-h-——ﬁ-——__,
= S i T d=0.405 mm (AWG26), T
15 = N . ’ o ———
\ noTEe D=1.325, fcutoff=78 GHz | w | i
1881 ¢
0 D \é\ <~ =0.255 mm (AWG30), PME
\\3{(\ D=0.8B6, feutoff=124 d
W GHz
-25 ‘ 4-\____ e
\ I Dk=2, LT=2e-4
- d Ro=1.724e-8 Ohm*m
< \*\*\ 20 = ~265 Ohm
| D=2 LT=2e.4 /ﬂ »\k\ Simulated with Simbeor 3D[TF solver
Ra=1.724e-8 Ohm*m \*\__*
Z0=50 Ohm d=0r127 fnm [AWGBE), | T~
« Sirrgle—rnode limit/is defined by mode TE11 U=UA Lo TLulgn =27 ate N}fzm\h
\‘Se
10 20 30 40 50 B0 0 80 an 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
17 May 2013, 14:07.54, Simberian Inc. Frequency, [GHz]

——) B:5[2.1]: —— C5[21]; . DGrIn2f LI (M) =) E-Srnfln2M1 L M1]]: = F-Srolln2(h 1Ll (1))

IVERS, ] [ ] w v - - -
DESIGNCON T il January 28-30, 2020 KEM(IRINDG C PRRESTUTTYeETE %5 orormamaiet
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PPW vs. Coaxial: Att. in dB/m

A:CoaxAttenuation. coax(364WG) Simulation(1); B:CoaxAttenuation. coax({ 304w G ). Simulation(1); C:CoaxAttenuation. coax(268WG ) Simulation(1); D:PPW(80-100). PP _1m.Simulation(1); E:PPW(120-100).PPW _1m.Simulation(1);
F: PF’W[ZSU 100). PP _Tm.Simulation(1);

Magnitude(S). [dB]

of
N
\\\ ’ Epwfw 1.325mm, d=0.5mm,
st N e / cutot=80GHz . y_g 405 mm (AWG26),
= —— <_/ D=1.325, fcutoff=78/GHz
ot Nl U PPW, w=0.883mm, d=0.33mm,
2 [128¢ - = fcutoff=120GHz
28] | 7 i 516 <
sl
2 d=0.255 mm (AWG30),
xl | _ | e D=0.836, fcutoff=124 | _
W 2246 _GHz PPW, w=0.424mm, d=0.16mm,
=l ~l pMC. 5 |  feutoff=250 GHz
275¢ /
12

0T D
Blue — 100 Ohm PPWs

| Pom I _
Red — coaxial lines, P /

same dielectrics and 06
D=0.416, fcutoff=247 GHz =
l; 1}[| Z:EI B:EI -II[I 5‘0 E.ID ?‘EI B‘[I HIIZI 1 [:IIJ 1 ‘: 0 1 ;EI 1 él] 14;[I 1 ;EI 1 é[l 1 ;‘IJ 1 ;D 1 ;EI 2él] 21} 0 2}2D Z;D 210 2510

09 Jan 2020, 15:03:37, Simberian Inc.
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How it compares to PCB traces

0.26 mm
0.017 mm
0.22 mm

0.3 mm

Dielectric Wideband Debye:Dk=3.17, LT=0.001 @ 1 GHz
Copper RR=1.43, Huray-Bracken SR=0.14 um, RF=8.5

Material models are identified with GMS-parameters in
A. Manukovsky, Y. Shlepnev, Effect of PCB Fabrication
Variations on Interconnect Loss, Delay, Impedance &
Identified Material Models for 56-Gbps Interconnect
Designs, DesignCon 2019 (Ballroom G, 10:00 - 10:45
AM, January 30th, 2019)

The losses are too high

Attenuation in 1 m segments

A Coaxdttenuation.coax[ 36445 ). Simulation(1); B:Meg?_L10_GMS_Rev3.Tine_1m.LN5; C:Mea?_L10_MoRough. Tlne_Tm.LMN5;
[:Coandttenuation coax264%/G) Simulation(1];
Magnitude(S), [dE]

0
10 -\\;i‘ d=0.405mm
AETT g
\\ e N e .
20 T Ae—
I ® AWG36
T \’&\ d=0.127mm
-0 28 v

No roughness
Rough

I I I I I I I I
1} 10 20 an 40 50 2] 7 a0

10Jan 2018, 14:41:06, Simberian Inc. Frequency, [GHz]
— a521L — BSmlln2M1Un(M1)]; =< CSmln2iM 1) (1)) —F D:5[2.1]:

And the conductor losses is clearly the problem...
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What if we use coaxial cable dielectric
and more metal for strips?

1 m segment: Attenuation (GMS)

A Coartittenuation.coar 3684 G). Simulation(1]; B:Coasdttenuation.stip36_1m.LN5 : C:Coardttenuation. coax( 308G ). Simulation(1);
D:Coardttenuation. stip30_Tm,LNG:
Magritude(S), [dB]

Dk=2, LT=5e-5
Res=1.724e-8 Ohm*m
Z0=50 Ohm

o
AWG30: d=0 .225‘mm
~0.836 0.32 mm
5 e =0.836mm 0.03 mm
\s\ e . 0.32mm
1 J213¢ I /
// 0.54 mm
2 ﬁ:: —1
15 -\
2D %% 0.16 mm
' / 0.03 mm
® K% // 0.16 mm
AWG36: d=0.127mm, |
N ™ 0.24 mm
| | | | D=Q.41?mml | | | | .\’“’*
a 125 25 rh a0 E2.5 Kkl arh 100 1125 125 1375 1580
10Jan 2019, 15:3%:50, Simberian Inc. Frequency, [GHz]
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What is the catch?

No single-mode propagation — strip
line and parallel-plate modes coexist
To enforce the single mode
propagation, via fencing is required

A
§<—=
8

0.95mm @
28 GHz

2 | 3.8 mm @ 28 GHz
w<—

E. Holzman, Essentials of RF and Microwave Grounding

s Simberian
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Evolution of microstrip

MSL Losses are lower comparing to strip lines with the same dielectric (more metal) - good
High-frequency dispersion - acceptable

_ Poor field localization — increases coupling noise — not so good
No single mode propagation (TMO surface wave has zero cutoff frequency) and no way to suppress coupling

CBCPW Losses are lower comparing to strip and microtrip lines with the same dielectric (even more metal)
For the single mode propagation, parallel-plate waveguide modes must be suppressed with stitching vias

close enough to suppress TE10

w< =
2 e ——
MSTL Lowest possible losses over the wider band — BT i R e
quasi-TEM mode merges with TEO1 of substrate 2206 Lo T s
. . i - 1 | [P RN
integrated waveguide (SIW) :‘;;“' s
Theory is in development | he B e
.
0.2 : : .
. o ) o 0 50 100 150 200
A | F. Fesharaki, T. Djerafi, M. Chaker, Ke Wu, Mode-Selective Transmission » Frequency (GHz)
w> 5 Line for Chip-tO-Chip Terabit_per-second Data Transmission, IEEE Trans. Fig. 4. Group velocity of MSTL on on Rogers RT/duroid 6002 lam-
On CPMT, VOL. 8, NO. 7, JULY 2018, p 1272-1280 inates MSTL L h = 127 gum, d = 20h, 5 = 1.6h, w = 24h,
MSTL II: & = 127 gm, d = 20k, s = 0.5k, and w = 2.4h) and comparison
with group velocity of microstrip line TEM mode and rectangular waveguide
TE o mode.

r 25™ANNIVERSARY ‘ * v - -
DESIGNCERSE @y danuary 28-20, 2020 FRRAINY PRIty ® womrores

WHERE THF. CANUY \JEESS TH- BT ARD




Mode Selective T-Line

& MsL | S MsLO) | & MSTLO) | @ MSTLER) | @ MSTLE) | @8 MSTLE) | @ MSTLG) | @ MSTLEE) € MSTLED | & RWG | & MSTL Narrow |48} coax_2p8mm | &8 Strip | @ MSTL | & MSTL() | Graph(1) {8 Greph(2) abx

Structured Mash: X:120,':40, Z:15. dX=80, d¥=37.5 dZmax=74.9431
Elements: 72 000; Matices: SM: 854 000, CM: 2, Final: 2;
Analysis: Multiport

#E PowerFlow(CutPlane) at 200 GHz; T=5 ps; Inst. at  0.0389'T;
Min=0, Max=98970 fw/m"2]:
0[dB]
-10
20
-30
-40

Power flow density at 200 GHz
Hybrid mode or superposition

PUe5h 2019, 145117, Smbeian Inc.
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Conclusion

* Design of predictable PCB/packaging interconnects operating at 6-112 Gbps is
progressively challenging
— Predictability up to about 30 Gbps NRZ or 60 Gbps PAMA4 is possible with existing technologies
— Predictability with higher data rates can be done statistically and will require advances in EDA and
PCB technologies
* Predictability of interconnects over microwave and millimeter-wave frequency bandwidth
is emerging domain of electromagnetic signal integrity...

— Requires understanding of signal degradation effects from models or measurements (S-
parameters, TDR, SBR,...)

— Requires understanding of what is accounted for in signal integrity software — only validation can
help...

* Design processes and practices adopted at lower data rates and without software
validation may lead to frustrating failures and costly re-spins...
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Thank you!

Electromagnetic Solutions
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